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From: Harvey, Judson
To: Emma Rosi-Marshall
Cc: Fausch,Kurt; Armitage, Thomas; Amanda D. Rodewald
Subject: Re: Draft revision
Date: Tuesday, May 06, 2014 8:08:08 AM
Attachments: SAB EPA Connectivity Report Section 3 5May 2014+KDF+JWH.docx


Hi Emma and Kurt,


I read through the draft again and found it to be in good shape.  It is improved with Emma's
 edits based on group comments and Kurt's addition of more biological references.  I am
 returning it with some comments as described below.


 In rereading I was unsatisfied with the references for ephemeral and intermittent streams and
 so I located two excellent review articles.  These references are added and full citations are
 given in a comment on page 4.  These two new references should probably also be cited in the
 review's summary in addition to being cited here in section 3.3. 


In reading this I am remindedagain  that we are asking EPA for an awful lot of revisions on
 material related to perennial streams.  Our comments are pertinent, and we do speak to
 ephemeral and intermittent streams and variable source areas, however I do wish we had
 focused even more on those latter areas. Ah, hindsight ! Fortunately I think that the overall
 summary provides additoinal focus for ephemeral and intermittent streams and variable
 source areas, so all is good. 


Best wishes,


Jud


On Mon, May 5, 2014 at 4:33 PM, Emma Rosi-Marshall <rosimarshalle@caryinstitute.org>
 wrote:


Dear Jud and Kurt, 
In the EPA SAB conference call last week we discussed revisions to our section of the SAB
 report.  After discussions with Kurt, I have incorporated those discussions and redrafted our
 section.  Jud I believe that you were not on the call, so your fresh eyes on this will be
 welcome.  Kurt, I look forward to your comments on how well this hangs together now. 
 Please let me know what you think of this new draft of our section.  I left in comments that
 included either reference to other sections or citations.  I tried to incorporate the rest of the
 comments. 


Thanks, 
Emma


Emma J. Rosi-Marshall
Associate Scientist
Cary Institute of Ecosystem Studies
2801 Sharon Turnpike AB
Millbrook, NY 12545
845-677-7600 ext 232
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams	





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an extensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. 





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and off-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow paths) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas). The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion is also needed of the geomorphological control of soil moisture and patch diversity that impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Kurt Fausch: Sentence seems to need something.  Not sure if I captured your meaning.





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss both sediments and sediment-bound contaminants and their downstream movement and effects on downstream waters. 	Comment by Kurt Fausch: Is this where you included info and references that Ken Kolm put in the final section that we removed?





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus) such as contaminants, and to also consider nutrient and contaminant transformation processes and the effect of these processes on downstream water quality, if known. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.	Comment by Kurt Fausch: Include mention of sediment in the Recommendations here too?





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. Upslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature and downstream connectivity. and t The SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics (Callahan et al. In Press). In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity and vice versa.	Comment by Mark Rains: Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity and vice versa. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity  	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.








The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. Connections that are highly variable in time can also be important to biota, and influence the biological integrity of downstream waters, such as when fish or amphibians breed in habitats that are dry most of the year or for several years.  The timescale of these temporally variable connections (i.e. connected at certain times) could range from seasons, years, decades to centuries.  In addition, some aspects of connectivity occur over relatively short times frames and are highly stochastic but can be represent important connections to downstream ecosystems.  For example, major erosion or woody debris fluxes that occur infrequently during high runoff events may represent major sources of sediments or large wood to downstream ecosystems. 	Comment by Kurt Fausch: I’m not sure if you also want to include the importance for biological integrity, but if so I suggest something like this.





The SAB finds that Chapter 4 would benefit from a separate section on this topic. The SAB recommends that the report could characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) that explicitly connect these ecosystems to downstream waters.  For example, the report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. Moreover, the SAB emphasizes that the report should explore the effect of short duration connections on downstream ecosystems. The report would benefit from a discussion of how even short duration and highly episodic flow connections can be important to downstream ecosystems. 





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration high flows and longer duration periods of dry conditions and the effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the natural temporal dimensions of connectivity (e.g., water withdrawal or augmentation can alter the timing a during of flow). Overall, the SAB recommends that report include a clear discussion how intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the consequences of these connections for physical, chemical, and biological integrity. 





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of time-varying flowthese connections: McDonough et al., 2011; Levick et al., 2008; Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Windows User: Levick, L.R. and others (2008) The Ecological and Hydrological 
Significance of Ephemeral and 
Intermittent Streams in the Arid and 
Semi-arid American Southwest , EPA/600/R-08/134 ARS/233046, 
November 2008

McDonough, O.T., Hosen, J.D., and M.A. Palmer (2011) The hydrology, geography, and ecology of non-perennially flowing waters, in “River Ecosystems: Dynamics, Management and Conservation, Elliot, H.S., and Martin, L.E. (Eds.), NOVA Science Publishers, ISBN: 978-1-61209-145-7, 2011.






[bookmark: _GoBack]Recommendations





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment,  and on downstream water quality, and biological integrity. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout aquatic and riparian systems (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles (e.g., Fausch et al. 2002; Kanno et al. 2014).


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters (Falke et al. 2010).


·    These mobile species include many different taxa, even within fish, and  encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed, or the connections are lost (e.g., owing to constructed barriers; e.g., Fausch and Bestgen 1997). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts (Vaughn 2012; Schwalb et al. 2013).	Comment by Kurt Fausch: Vaughn, C. C. 2012.  Life history traits and abundance can predict local colonisation and extinction rates of freshwater mussels. FRESHWATER BIOLOGY  57 : 982-992. 


Schwalb, A. N., T. J. Morris, N. E. Mandrak, and K. Cottenie.  2013.  Distribution of unionid freshwater mussels depends on the distribution of host ﬁshes on a regional scale.  Diversity and Distributions 19: 446–454.





Recommendation





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the current version of the report generally excluded the many studies that have been conducted in human-modified stream ecosystems.  The SAB agreed that there are many insights to be gained about the importance of connectivity to downstream waters, either when connections are severed or enhanced, to downstream waters. Including additional information from this large area of research will provide more examples of the importance of connectivity, and the SAB agreed that human-modified systems should not be excluded from the report. 	Comment by Allan: (Allan) Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.





The SAB recommends that writers of the report consider including examples from at least some of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low-head dams, grade control structures, stream restoration, accelerated erosion, sediment transport and storage, stream restoration, and effluent dominated streams. 





The following references (and others that are similar) could be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005).





Recommendations





· The draft Report should be revised to include information about the consequences of human alteration of headwater systems on their connectivity and concomitant effects on the water quantity and quality and biota of downstream ecosystems. These revisions could, for example, include discussion of some of these topics listed above.





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams on their connectivity to downstream waters. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical approaches. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the just the SPARROW model (SPAtially Referenced Regressions On Watershed attributes) and encompass the numerous modeling and empirical approaches that have been used.  In addition, the report could draw on examples from literature that investigates the movement of sediments through watershed for examining aggregate and cumulative effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 	Comment by Kurt Fausch: Do some of Kolm’s references on sediment go here also?





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8	Expanding the Discussion to Emphasize the Importance of Connections to the Broader Riverine Landscape  





The report focuses primarily on the connections among components of the aquatic system, including not only hydrologic connections but also those made by organisms that walk, crawl, or fly between water bodies.  However, the SAB commented that the physical, chemical, and biological integrity of downstream waters also depends on the presence of intact headwaters, and the integrity of these headwater ecosystems depends on critical connections between streams and the broader riverine landscape.  Given this, the SAB felt that more emphasis could be placed on the importance of these connections to the integrity of downstream waters.  





For example, the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function, but include effects of inputs of leaf litter and terrestrial insects on downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature. These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.





The SAB also recommends adding information to address the importance of food-web connections from riparian zones to streams that support aquatic organisms.  Organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. Following are key points that should be included:





1) Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply essential carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals (e.g., Wallace et al. 1997; Baxter et al. 2005). 	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  





2) Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators (e.g., Nakano and Murakami 2001; Wipfli and Baxter 2010).





3) These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters.  Data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections between streams and riparian zones (Fausch et al. 2010). 





Overall, these food webs integrate key connections across aquatic and terrestrial landscapes and therefore provide a useful framework through which to view the role of riverine landscapes in connectivity among aquatic ecosystems.





Recommendations 





· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





· The SAB recommends adding information to the Report to document the importance of reciprocal food-web connections between riparian zones and streams on the integrity of the ecosystems that are connected to downstream waters


 


3.3.10.	Clarifying How Case Studies Were Selected  





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report. 





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report could contain a case study that illustrates the downstream effects a of human-modified systems. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples. 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams, including streams with evaporative losses, and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral and intermittent streams to downstream waters. In addition, as previously discussed, even ephemeral and intermittent streams and short duration surface water connections in source water areas may have substantial effects on the chemical and biological integrity of downstream waters. 





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012), Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004, Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy) Osterkamp, W. R., L. J. Lane, and C. S. Savard. "RECHARGE ESTIMATES USING A GEOMORPHIC/ DISTRIBUTED‐ PARAMETER SIMULATION APPROACH, AMARGOSA RWER BASIN1." JAWRA Journal of the American Water Resources Association 30, no. 3 (1994): 493-507.

Graf, W. L. (1988). Fluvial processes in dryland rivers (Vol. 3). New York: Springer.

Goodrich, D. C., Williams, D. G., Unkrich, C. L., Hogan, J. F., Scott, R. L., Hultine, K. R., ... & Miller, S. (2004). Comparison of methods to estimate ephemeral channel recharge, Walnut Gulch, San Pedro River basin, Arizona. Water Science and Application, 9, 77-99.	Comment by Murphy: (Murphy) Hernandez, M., Miller, S. N., Goodrich, D. C., Goff, B. F., Kepner, W. G., Edmonds, C. M., & Jones, K. B. (2000). Modeling runoff response to land cover and rainfall spatial variability in semi-arid watersheds. In Monitoring Ecological Condition in the Western United States (pp. 285-298). Springer Netherlands.

Stratton, B. T., Sridhar, V., Gribb, M. M., McNamara, J. P., & Narasimhan, B. (2009). Modeling the Spatially Varying Water Balance Processes in a Semiarid Mountainous Watershed of Idaho1. JAWRA Journal of the American Water Resources Association, 45(6), 1390-1408.





Recommendations





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 (e.g. for subsections on temperature, chemical, and biological connections). In particular, the SAB recommends that the Report contain a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams to downstream waters.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 












http://www.caryinstitute.org/science-program/our-scientists/dr-emma-j-rosi-marshall


-- 
Jud Harvey
USGS
430 National Center
Reston, VA 20192
703-648-5876
https://profile.usgs.gov/jwharvey 
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From: Harvey, Judson
To: Emma Rosi-Marshall
Cc: Fausch,Kurt; Armitage, Thomas; Amanda D. Rodewald
Subject: Re: Draft revision
Date: Tuesday, May 06, 2014 8:08:08 AM
Attachments: SAB EPA Connectivity Report Section 3 5May 2014+KDF+JWH.docx


Hi Emma and Kurt,


I read through the draft again and found it to be in good shape.  It is improved with Emma's
 edits based on group comments and Kurt's addition of more biological references.  I am
 returning it with some comments as described below.


 In rereading I was unsatisfied with the references for ephemeral and intermittent streams and
 so I located two excellent review articles.  These references are added and full citations are
 given in a comment on page 4.  These two new references should probably also be cited in the
 review's summary in addition to being cited here in section 3.3. 


In reading this I am remindedagain  that we are asking EPA for an awful lot of revisions on
 material related to perennial streams.  Our comments are pertinent, and we do speak to
 ephemeral and intermittent streams and variable source areas, however I do wish we had
 focused even more on those latter areas. Ah, hindsight ! Fortunately I think that the overall
 summary provides additoinal focus for ephemeral and intermittent streams and variable
 source areas, so all is good. 


Best wishes,


Jud


On Mon, May 5, 2014 at 4:33 PM, Emma Rosi-Marshall <rosimarshalle@caryinstitute.org>
 wrote:


Dear Jud and Kurt, 
In the EPA SAB conference call last week we discussed revisions to our section of the SAB
 report.  After discussions with Kurt, I have incorporated those discussions and redrafted our
 section.  Jud I believe that you were not on the call, so your fresh eyes on this will be
 welcome.  Kurt, I look forward to your comments on how well this hangs together now. 
 Please let me know what you think of this new draft of our section.  I left in comments that
 included either reference to other sections or citations.  I tried to incorporate the rest of the
 comments. 


Thanks, 
Emma


Emma J. Rosi-Marshall
Associate Scientist
Cary Institute of Ecosystem Studies
2801 Sharon Turnpike AB
Millbrook, NY 12545
845-677-7600 ext 232
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mailto:Armitage.Thomas@epa.gov
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams	





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an extensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. 





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and off-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow paths) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas). The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion is also needed of the geomorphological control of soil moisture and patch diversity that impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Kurt Fausch: Sentence seems to need something.  Not sure if I captured your meaning.





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss both sediments and sediment-bound contaminants and their downstream movement and effects on downstream waters. 	Comment by Kurt Fausch: Is this where you included info and references that Ken Kolm put in the final section that we removed?





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus) such as contaminants, and to also consider nutrient and contaminant transformation processes and the effect of these processes on downstream water quality, if known. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.	Comment by Kurt Fausch: Include mention of sediment in the Recommendations here too?





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. Upslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature and downstream connectivity. and t The SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics (Callahan et al. In Press). In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity and vice versa.	Comment by Mark Rains: Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity and vice versa. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity  	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.








The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. Connections that are highly variable in time can also be important to biota, and influence the biological integrity of downstream waters, such as when fish or amphibians breed in habitats that are dry most of the year or for several years.  The timescale of these temporally variable connections (i.e. connected at certain times) could range from seasons, years, decades to centuries.  In addition, some aspects of connectivity occur over relatively short times frames and are highly stochastic but can be represent important connections to downstream ecosystems.  For example, major erosion or woody debris fluxes that occur infrequently during high runoff events may represent major sources of sediments or large wood to downstream ecosystems. 	Comment by Kurt Fausch: I’m not sure if you also want to include the importance for biological integrity, but if so I suggest something like this.





The SAB finds that Chapter 4 would benefit from a separate section on this topic. The SAB recommends that the report could characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) that explicitly connect these ecosystems to downstream waters.  For example, the report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. Moreover, the SAB emphasizes that the report should explore the effect of short duration connections on downstream ecosystems. The report would benefit from a discussion of how even short duration and highly episodic flow connections can be important to downstream ecosystems. 





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration high flows and longer duration periods of dry conditions and the effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the natural temporal dimensions of connectivity (e.g., water withdrawal or augmentation can alter the timing a during of flow). Overall, the SAB recommends that report include a clear discussion how intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the consequences of these connections for physical, chemical, and biological integrity. 





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of time-varying flowthese connections: McDonough et al., 2011; Levick et al., 2008; Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Windows User: Levick, L.R. and others (2008) The Ecological and Hydrological 
Significance of Ephemeral and 
Intermittent Streams in the Arid and 
Semi-arid American Southwest , EPA/600/R-08/134 ARS/233046, 
November 2008

McDonough, O.T., Hosen, J.D., and M.A. Palmer (2011) The hydrology, geography, and ecology of non-perennially flowing waters, in “River Ecosystems: Dynamics, Management and Conservation, Elliot, H.S., and Martin, L.E. (Eds.), NOVA Science Publishers, ISBN: 978-1-61209-145-7, 2011.






[bookmark: _GoBack]Recommendations





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment,  and on downstream water quality, and biological integrity. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout aquatic and riparian systems (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles (e.g., Fausch et al. 2002; Kanno et al. 2014).


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters (Falke et al. 2010).


·    These mobile species include many different taxa, even within fish, and  encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed, or the connections are lost (e.g., owing to constructed barriers; e.g., Fausch and Bestgen 1997). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts (Vaughn 2012; Schwalb et al. 2013).	Comment by Kurt Fausch: Vaughn, C. C. 2012.  Life history traits and abundance can predict local colonisation and extinction rates of freshwater mussels. FRESHWATER BIOLOGY  57 : 982-992. 


Schwalb, A. N., T. J. Morris, N. E. Mandrak, and K. Cottenie.  2013.  Distribution of unionid freshwater mussels depends on the distribution of host ﬁshes on a regional scale.  Diversity and Distributions 19: 446–454.





Recommendation





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the current version of the report generally excluded the many studies that have been conducted in human-modified stream ecosystems.  The SAB agreed that there are many insights to be gained about the importance of connectivity to downstream waters, either when connections are severed or enhanced, to downstream waters. Including additional information from this large area of research will provide more examples of the importance of connectivity, and the SAB agreed that human-modified systems should not be excluded from the report. 	Comment by Allan: (Allan) Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.





The SAB recommends that writers of the report consider including examples from at least some of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low-head dams, grade control structures, stream restoration, accelerated erosion, sediment transport and storage, stream restoration, and effluent dominated streams. 





The following references (and others that are similar) could be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005).





Recommendations





· The draft Report should be revised to include information about the consequences of human alteration of headwater systems on their connectivity and concomitant effects on the water quantity and quality and biota of downstream ecosystems. These revisions could, for example, include discussion of some of these topics listed above.





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams on their connectivity to downstream waters. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical approaches. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the just the SPARROW model (SPAtially Referenced Regressions On Watershed attributes) and encompass the numerous modeling and empirical approaches that have been used.  In addition, the report could draw on examples from literature that investigates the movement of sediments through watershed for examining aggregate and cumulative effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 	Comment by Kurt Fausch: Do some of Kolm’s references on sediment go here also?





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8	Expanding the Discussion to Emphasize the Importance of Connections to the Broader Riverine Landscape  





The report focuses primarily on the connections among components of the aquatic system, including not only hydrologic connections but also those made by organisms that walk, crawl, or fly between water bodies.  However, the SAB commented that the physical, chemical, and biological integrity of downstream waters also depends on the presence of intact headwaters, and the integrity of these headwater ecosystems depends on critical connections between streams and the broader riverine landscape.  Given this, the SAB felt that more emphasis could be placed on the importance of these connections to the integrity of downstream waters.  





For example, the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function, but include effects of inputs of leaf litter and terrestrial insects on downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature. These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.





The SAB also recommends adding information to address the importance of food-web connections from riparian zones to streams that support aquatic organisms.  Organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. Following are key points that should be included:





1) Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply essential carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals (e.g., Wallace et al. 1997; Baxter et al. 2005). 	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  





2) Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators (e.g., Nakano and Murakami 2001; Wipfli and Baxter 2010).





3) These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters.  Data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections between streams and riparian zones (Fausch et al. 2010). 





Overall, these food webs integrate key connections across aquatic and terrestrial landscapes and therefore provide a useful framework through which to view the role of riverine landscapes in connectivity among aquatic ecosystems.





Recommendations 





· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





· The SAB recommends adding information to the Report to document the importance of reciprocal food-web connections between riparian zones and streams on the integrity of the ecosystems that are connected to downstream waters


 


3.3.10.	Clarifying How Case Studies Were Selected  





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report. 





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report could contain a case study that illustrates the downstream effects a of human-modified systems. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples. 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams, including streams with evaporative losses, and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral and intermittent streams to downstream waters. In addition, as previously discussed, even ephemeral and intermittent streams and short duration surface water connections in source water areas may have substantial effects on the chemical and biological integrity of downstream waters. 





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012), Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004, Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy) Osterkamp, W. R., L. J. Lane, and C. S. Savard. "RECHARGE ESTIMATES USING A GEOMORPHIC/ DISTRIBUTED‐ PARAMETER SIMULATION APPROACH, AMARGOSA RWER BASIN1." JAWRA Journal of the American Water Resources Association 30, no. 3 (1994): 493-507.

Graf, W. L. (1988). Fluvial processes in dryland rivers (Vol. 3). New York: Springer.

Goodrich, D. C., Williams, D. G., Unkrich, C. L., Hogan, J. F., Scott, R. L., Hultine, K. R., ... & Miller, S. (2004). Comparison of methods to estimate ephemeral channel recharge, Walnut Gulch, San Pedro River basin, Arizona. Water Science and Application, 9, 77-99.	Comment by Murphy: (Murphy) Hernandez, M., Miller, S. N., Goodrich, D. C., Goff, B. F., Kepner, W. G., Edmonds, C. M., & Jones, K. B. (2000). Modeling runoff response to land cover and rainfall spatial variability in semi-arid watersheds. In Monitoring Ecological Condition in the Western United States (pp. 285-298). Springer Netherlands.

Stratton, B. T., Sridhar, V., Gribb, M. M., McNamara, J. P., & Narasimhan, B. (2009). Modeling the Spatially Varying Water Balance Processes in a Semiarid Mountainous Watershed of Idaho1. JAWRA Journal of the American Water Resources Association, 45(6), 1390-1408.





Recommendations





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 (e.g. for subsections on temperature, chemical, and biological connections). In particular, the SAB recommends that the Report contain a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams to downstream waters.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 
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-- 
Jud Harvey
USGS
430 National Center
Reston, VA 20192
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https://profile.usgs.gov/jwharvey 
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From: Siobhan Fennessy
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
Date: Thursday, May 15, 2014 9:39:19 AM


Great!  I'll aim for the 21st at the latest. 


Siobhan 


On May 14, 2014, at 10:40 AM, "Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Hi Siobhan,
 
I am sorry the tight schedule did not give you much time. It would be okay to receive 
your changes a few days past the Monday deadline.  I have to prepare a revised draft 
for Amanda to review before I send it back to the Panel and post it on the SAB website, 


so I would like to receive your revisions by May 22nd or 23rd.  
 
Thanks!
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 
From: Siobhan Fennessy [mailto:fennessym@kenyon.edu] 
Sent: Wednesday, May 14, 2014 9:54 AM
To: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
 
Hi Tom, 
 
Thanks for the notes on our revisions, that is helpful!  Mazeika and I are 
coordinating as we finish our sections.  I did wonder one thing; between the end 
of the semester and grading, etc., the several days worth of graduation events this 
week (Kenyon is a bit intense about that), and the fact that I am heading to 
Portland on Sunday for a weeklong conference, I wonder if it would be okay if I 
get you my revisions a few days past the Monday deadline?   I'll do my best to be 
on time, but these past 2 weeks have been extremely full and I want the report to 



x-msg://1260/fennessym@kenyon.edu

x-msg://1260/Armitage.Thomas@epa.gov

x-msg://1260/Goodman.Iris@epa.gov

x-msg://1260/Armitage.Thomas@epa.gov
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be just right.  
 
Thanks, 
Siobhan 
 
 
On May 9, 2014, at 1:21 PM, "Armitage, Thomas" <Armitage.Thomas@epa.gov>
 wrote:


Hi Siobhan,
 
Attached please find a list of your action items for revision of the SAB 
Connectivity Panel’s report.  These are based on my notes from the two 
teleconferences last week.  If possible, I would like to receive the revisions


 for Section 3.5 by Monday, May 19th .   I have also attached the word file 
of the 4/23/14 markup draft.
 
I will incorporate your revisions into next draft of the report which will be 


sent to the Panel for review and discussion on the June 19th conference 
call.  Please feel free to call me if you have questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, 
N.W. Washington, D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald 
Reagan Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, 
Washington, D.C.  20004
 
<Fennessy_action items_5_8_14.docx><SAB Connectivity 
Panel Draft Report_4_23_14 (markup).docx>


 
Siobhan Fennessy
Jordan Professor of Biology and Environmental Studies  
Kenyon College 
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Gambier, OH  43022
740.427.5455
 


 


 
 


Siobhan Fennessy
Jordan Professor of Biology and Environmental Studies  
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From: Siobhan Fennessy
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
Date: Wednesday, May 14, 2014 2:07:52 PM


Thanks Tom, the timeline is not a big problem - and I've enjoyed being a lead writer - but I do 
appreciate an extra day or two! 


Siobhan 


On May 14, 2014, at 10:40 AM, Armitage, Thomas wrote:


Hi Siobhan,
 
I am sorry the tight schedule did not give you much time. It would be okay to receive 
your changes a few days past the Monday deadline.  I have to prepare a revised draft 
for Amanda to review before I send it back to the Panel and post it on the SAB website, 


so I would like to receive your revisions by May 22nd or 23rd.  
 
Thanks!
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 


From: Siobhan Fennessy [mailto:fennessym@kenyon.edu] 
Sent: Wednesday, May 14, 2014 9:54 AM
To: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
 
Hi Tom, 
 
Thanks for the notes on our revisions, that is helpful!  Mazeika and I are 
coordinating as we finish our sections.  I did wonder one thing; between the end 
of the semester and grading, etc., the several days worth of graduation events this 
week (Kenyon is a bit intense about that), and the fact that I am heading to 
Portland on Sunday for a weeklong conference, I wonder if it would be okay if I 
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get you my revisions a few days past the Monday deadline?   I'll do my best to be 
on time, but these past 2 weeks have been extremely full and I want the report to 
be just right.  
 
Thanks, 
Siobhan 
 
 
On May 9, 2014, at 1:21 PM, "Armitage, Thomas" <Armitage.Thomas@epa.gov>
 wrote:


Hi Siobhan,
 
Attached please find a list of your action items for revision of the SAB 
Connectivity Panel’s report.  These are based on my notes from the two 
teleconferences last week.  If possible, I would like to receive the revisions


 for Section 3.5 by Monday, May 19th .   I have also attached the word file 
of the 4/23/14 markup draft.
 
I will incorporate your revisions into next draft of the report which will be 


sent to the Panel for review and discussion on the June 19th conference 
call.  Please feel free to call me if you have questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, 
N.W. Washington, D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald 
Reagan Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, 
Washington, D.C.  20004
 
<Fennessy_action items_5_8_14.docx><SAB Connectivity 
Panel Draft Report_4_23_14 (markup).docx>


 
Siobhan Fennessy
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From: Siobhan Fennessy
To: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
Date: Wednesday, May 14, 2014 9:55:03 AM


Hi Tom, 


Thanks for the notes on our revisions, that is helpful!  Mazeika and I are coordinating as we 
finish our sections.  I did wonder one thing; between the end of the semester and grading, etc., 
the several days worth of graduation events this week (Kenyon is a bit intense about that), and 
the fact that I am heading to Portland on Sunday for a weeklong conference, I wonder if it 
would be okay if I get you my revisions a few days past the Monday deadline?   I'll do my best
 to be on time, but these past 2 weeks have been extremely full and I want the report to be just 
right.  


Thanks, 
Siobhan 


On May 9, 2014, at 1:21 PM, "Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Hi Siobhan,
 
Attached please find a list of your action items for revision of the SAB Connectivity 
Panel’s report.  These are based on my notes from the two teleconferences last week.  


If possible, I would like to receive the revisions for Section 3.5 by Monday, May 19th .   I 
have also attached the word file of the 4/23/14 markup draft.
 
I will incorporate your revisions into next draft of the report which will be sent to the 


Panel for review and discussion on the June 19th conference call.  Please feel free to 
call me if you have questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. 
Washington, D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan 
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Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
<Fennessy_action items_5_8_14.docx><SAB Connectivity Panel Draft 
Report_4_23_14 (markup).docx>
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From: Rains, Mark
To: Amanda D. Rodewald
Cc: Armitage, Thomas; Goodman, Iris
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
Date: Sunday, May 11, 2014 7:22:49 AM


That would help. Thanks!


Sent from my iPad


> On May 10, 2014, at 10:18 AM, "Amanda D. Rodewald" <arodewald@cornell.edu> wrote:
>
> Hi Mark,
>
> I am happy to bring together the material/references shared by the others (and you, if you'd like) and then send the
 new text to you for revision.  Does that work?  I realize that you have a lot on your plate - with these revisions, but
 also with all of your other responsibilities and commitments.  We really appreciate your efforts.  Please do let us
 know how we can help if it gets to be too much.
>
> Thanks, Mark!
>
> Best,
> Amanda
>
> Amanda D. Rodewald, Ph.D.
>
> Director of Conservation Science, Cornell Lab of Ornithology
> Associate Professor, Department of Natural Resources
> Robert F. Schumann Faculty Fellow
> Cornell University
> 159 Sapsucker Woods Rd.
> Ithaca, NY 14850
> Phone: 607-254-2176
> Fax: 607-254-2104
> Email:  arodewald@cornell.edu
> http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
> http://www.birds.cornell.edu/
>
>
>
>
>
> -----Original Message-----
> From: Rains, Mark [mailto:mrains@usf.edu]
> Sent: Saturday, May 10, 2014 7:56 AM
> To: Armitage, Thomas
> Cc: Amanda D. Rodewald; Goodman, Iris
> Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
>
> Action item #6 is a huge undertaking unto itself. Am I starting it with Amanda adding to it? Or is Amanda
 handling it herself?
>
> ________________________________________
> From: Armitage, Thomas [Armitage.Thomas@epa.gov]
> Sent: Friday, May 09, 2014 12:57 PM
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> To: Rains, Mark
> Cc: adr79@cornell.edu; Goodman, Iris
> Subject: List of assignments for revision of SAB Connectivity Panel Report
>
> Hi Mark,
>
> Attached please find a list of your action items for revision of the SAB Connectivity Panel's report.  These are
 based on my notes from the two teleconferences last week.  If possible, I would like to receive your revisions for
 Section 3.2 by Monday, May 19th .   I have also attached the word file of the 4/23/14 markup draft.
>
> I have scheduled a call for you and Mark Murphy to talk on Tuesday (5/13) at 1:00 pm eastern time, call in
 number 1-866-299-3188, conference code 2023439995#.
>
> I will incorporate your revisions into next draft of the report which will be sent to the Panel for review and
 discussion on the June 19th conference call.  Please feel free to call me if you have questions.   Thanks very much.
>
> Tom Armitage
>
> **********************
> Thomas Armitage Ph.D.
> Designated Federal Officer
> EPA Science Advisory Board Office
> 202-564-2155 (phone/voice mail)
> 202-565-2098 (fax)
> armitage.thomas@epa.gov
>
> Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460
>
> Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004
>
>
>
>
>








From:  on behalf of Mazeika Sullivan
To: Armitage, Thomas
Cc: Amanda Rodewald
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
Date: Thursday, May 15, 2014 2:17:56 PM


Hi Tom - 


Thanks for your follow-up phone message.  I've been working on the assigned points over the
 last few days and am getting pretty close.  I was planning on getting you the material by the
 19th as requested, but a couple extra days might be very useful so I can better coordinate
 responses with Siobhan, as well as get additional feedback from my subgroup members.  I'll
 be talking with Siobhan tomorrow and should have a better sense of where we stand after that
 conservation.  


Relative to the "connectivity metrics" assignment, I had suggested to the Panel we might want
 to consider relative "predictability" as an additional metric of connectivity, and took the
 related assignment item as a request to write some brief text and provide references on that
 idea.  I was planning on including this text and associated references along with my
 responses, but certainly if there are additional ways I can assist Amanda with broader
 text/references of metrics, please let me know. (As I've been reading in the literature relative
 to predictability, other potential metrics seem equally as appropriate (e.g., timing, rate of
 change), but have not been included as part of the Panel's recommendations thus far either.)


Best,
Mazeika


---------------------------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan


On Fri, May 9, 2014 at 1:27 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Hi Mazeika,


 


Attached please find a list of your action items for revision of the SAB Connectivity Panel’s
 report.  These are based on my notes from the two teleconferences last week.  If possible, I


(b) (6)
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 would like to receive the revisions for Sections 3.6 by Monday, May 19th .   I have also
 attached the word file of the 4/23/14 markup draft.


 


I will incorporate your revisions into next draft of the report which will be sent to the Panel
 for review and discussion on the June 19th conference call.  Please feel free to call me if you
 have questions.   Thanks very much.


 


Tom Armitage


 


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov


 


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460


 


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Judy Meyer
To: Rains, Mark
Cc: Kenneth Kolm; Latif Kalin; Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas; Goodman, Iris
Subject: Re: Next Draft
Date: Sunday, May 18, 2014 2:53:01 AM
Attachments: SAB Connectivity Panel Draft Report_4_23_14 (markup)_MCRjlm.docx


Hi Mark,


You did a great job making changes.  I have only a few suggestions, which are summarized
 below and incorporated into the version of the ms that is attached.  Hopefully I'll see you at
 JASM in Portland.


Judy


Letter


p. 2, line 6: change to “recognizes variation in the frequency, duration, magnitude, and
 consequences of those connections.”


 


2, bullet on 19-25:  I don’t think we should add groundwater systems at that point in this
 bullet.  I agree that they are often the connecting agent, but recognizing that is different from
 requiring their inclusion when assessing cumulative effects.  That addition represents a major
 change in what we have been discussing and not warranted at this point in our review.  I
 moved the mention of groundwater systems to later in that bullet: “expand coverage of
 several important issues including the role of biological connectivity, biogeochemical
 transformation processes, connections through groundwater systems, and the effects of human
 alteration of connectivity.”  I think that better captures what we have been discussing.


 


2, 37: I agree with the comment that we are using the connected vs not connected dichotomy
 that we criticize.  I recommend changing the sentence to “The EPA should verify and
 explicitly state that the Report summarizes studies encompassing the whole gradient of
 connectivity.”


 


Executive Summary


 


2, 2-5:  same change as made on 2,6 in letter


 


2, 11-12: same change as made in 2, 37 in letter
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This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strengthfrequency, duration, and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, , and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams,  and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, connections through groundwater systems, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. 	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies reflecting the whole gradient of connectivity that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on material flows generated by fauna, particularly avian fauna.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,





						








Science Advisory Board (SAB) Draft Report (4/23/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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[bookmark: _Toc58926855][bookmark: _Toc59252196][bookmark: _Toc65285546][bookmark: _Toc71962574][bookmark: _Toc72113549][bookmark: _Toc99930877][bookmark: _Toc260313039][bookmark: _Toc382414067][bookmark: _Toc385943122]EXECUTIVE SUMMARY	Comment by Murphy: (Murphy) I haven’t edited the ES and Introduction since they might need a complete overhaul. This said, I found these two parts of the report very well written, reflective of the group concensus, and without much need of change. Id like to see the rest of the report brought up to the same level of clarity.	Comment by Johnson: (Johnson) Have we sufficiently addressed the role of humans in changing / exacerbating natural disturbance regimes and the subsequent impact on connectivity?  E.g., drought impacts on connectivity are exacerbated by water extraction; wetland drainage, channelization,	Comment by Josselyn: (Josselyn) See comments on the executive summary that are included in the Panel’s general comments.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strengthfrequency, duration, and magnitude, and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that the Report summarizes studies encompassing the whole gradient of connectivity. studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for Unidirectional Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and “geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birds is important as they spatially integrate these wetlands through their movements. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) a wishy washy statement.... too all inclusive which brings us back to the concept of  "sufficiently long time scale".... what does that mean or imply? 





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc385943123]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There should  be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on the physical, chemical, and biological integrity of downstream waters. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB finds that the literature review in Chapter 3 of the Report is technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, the conceptual framework needs to be revised and clearly articulated at the beginning of the Chapter. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 





3.2.1.	Defining Connectivity and Isolation





Because connectivity and isolation can be defined in many ways, the Report needs to define and concisely discuss what is meant by both “connectivity” and “isolation” at the beginning of Chapter 3. Currently, only connectivity is defined, and it is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





The definition of connectivity used in the Report seems to follow that of Pringle (2001; 2003), i.e., the transfer of matter, energy, and/or organisms within or between elements of the landscape. The Report should state that connectivity is a scalable quantity ranging continuously from fully connected to completely isolated, rather than a binary condition of connected or isolated. This could be expressed in a simple conceptual figure here, then again as more specific figures in each chapter on each water and wetland type covered in the Report. (See, for example, Figure 1 in Section 3.7.3 of this report for an example developed for waters and wetlands in non-riparian/non-floodplain settings.) 	Comment by Mark Rains: Is this still the case?





Defining connectivity in this manner creates a problem with the related definition of isolation. If connectivity really is the transfer of matter, energy, and/or organisms within or between elements of the landscape, and connectivity really is a scalable quantity ranging from fully connected to fully isolated, then one might infer that true isolation doesn't occur until there is absolutely no transfer of matter, energy, and/or organisms within or between elements of the landscape. This condition might be so rare as to be negligible, rendering the term isolation almost useless.





The definition of connectivity and isolation might be improved by connecting to the literature on disturbance ecology (see Stanley et al. 2010 and references therein). In that literature, a disturbance is seen as a discrete event that disrupts ecosystem structure and function, substantively changing the physical, chemical, and/or biological environment. Such disturbances are commonly viewed through a filter of the biological consequences – does the disturbance event matter to biota? However, such disturbances are nevertheless commonly quantified in terms of physical measures of the disturbance itself (e.g., frequency, magnitude, duration) rather than in terms of the biological response to the disturbance to facilitate objective comparisons among events. Predictability is often made part of this definition, with the stipulation that disturbances must be outside of some normal range to which biota are typically adapted (e.g., Resch et al. 1988; Poff 1992). By adding these details, connectivity and isolation could be conceptually viewed along a continuum ranging from fully connected to completely isolated, with a transition somewhere in between that varies case-by-case and is defined by whether or not a perturbation is outside the normal range and relevant to the biota.





Recommendations





· Connectivity and isolation should be defined and discussed at the beginning of Chapter 3 of the Report.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





· The definition of connectivity and isolation could be improved by connecting to literature on disturbance ecology.





3.2.2.	Defining the Scope of the Report





The SAB finds that the scope of the Report, with respect to the types of waters and wetlands covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various waters and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of waters and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the water and wetland definition of Cowardin et al. (1979), and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership. [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining the types of wetlands and water bodies covered.





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as waters and wetlands under the Clean Water Act  (see discussion in Section 3.5.2 of this report). 	Comment by Rains, Mark: Is this still the case?





· The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





3.2.3.	Use of a Flowpath Framework





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, biology and relief and are expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently four-dimensional (i.e., longitudinal, lateral, vertical, and through time). 





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries (McDonnell 2013). For example, the Floridan aquifer underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina and commonly interacts with the surface environment through sinks, springs, and outcrops (see Sun et al. 1997 and references therein). Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling transitioning to increasingly open spiraling from the headwaters to the outlet (Newbold et al. 1981). However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another (Helfield and Naiman 2001). Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries (Skagen et al. 2008). Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). 





Some editorial or technical corrections are needed in the Report and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by Horton (1945). 





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by Dunne and Black (1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further explain how areas contributing runoff expand and contract, changing the way that landscapes connect through storms and seasons (Dunne and Black 1970). The expansion of runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally change the extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). This type of variability suggests that connectivity should be discussed within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings; however, the lines delineating these landscape categories are conceptual and there is no scientific consensus on separating the categories.





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996; Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program (Sun et al. 1997). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Rains, Mark: Ken Kolm – Please consider these three previous comments. (Murphy makes a clarifying comment in the Recommendations for this subsection.)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 








The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among these habitats throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely. Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Rains, Mark: Judy – Please help with citations suggested in the previous comment.





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.





· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), biology and relief on flow and transport (e.g., hydrological, and chemical and biological connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report, described in the context of connectivity between waters and wetlands and downgradient waters and shown to be critical to the biological integrity of these connected waters.


 


3.2.4.	Revising and Defining the Terminology Used in the Report





[bookmark: _GoBack]With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams,waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that these terms be changed to terms from a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the Report. One possibility is that bidirectional wetlands could be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands could be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms will be used throughout this report.





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands”. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection (e.g., frequency, magnitude, timing, duration) and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Rains, Mark: We wrote this because we thought that the SAB had reached this consensus. We have two comments, immediately above, one supportive, one not so much. I think we should discuss this further. 





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) can also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact when connection is reestablished. Although EPA may consider such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text	Comment by Rains, Mark: I’m unfamiliar with this term, and am not certain that it needs to be included in the Report. I think we should discuss this further.





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies functional isolation and does not directly map onto the organizational terminology in the Report, which explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. Therefore, the SAB recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” does not imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report.





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)	Comment by Rains, Mark: See my comment on this immediately above.





3.2.5.	Layers of Complexity in the Conceptual Framework





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhanced by connectivity while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the Report and explicitly made in the section on unidirectional wetlands. Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.






Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. However, spatial and temporal scales of vary by flowpath type and flowpath characteristics (Figure 3.2-1). A figure like this focused on the spatial and temporal scale of connectivity should be included in the Report, with a particular focus on the differences in the spatial and temporal scales of surface-water and groundwater connectivity as it relates to the chemical, physical, and biological integrity of downgradient waters.	Comment by Mark Rains: Amanda – This is a temporary figure number.





[image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/smallpics/Fig.3.1.jpg]


Figure 3.2-1. Relative spatial and temporal scale of hydrologic connectivity and interaction (adapted from Bloschl and Sivapalan1995).	Comment by Mark Rains: Amanda – This is a temporary figure number.





The Report should clearly state that low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are essential, long-lived, and/or cumulative. Low-frequency, high-magnitude flows connect channels to the furthest reaches of the floodplains (Poff et al. 1997), controlling species composition and abundance in forests (Darst and Light 2008) and transporting large clasts and/or woody debris that otherwise cannot be transported by more-frequent, lower-magnitude flows (Wolman and Miller 1957). Long-lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be important mechanisms that connect headwaters to rivers, serving as important sources of sediment to downgradient waters (Benda et al. 2005). Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure and function of downgradient waters over the scale of decades (Leibowitz et al 2008). Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (Izbicki 2007). 





The SAB recommends that the Report compare and contrast the temporal scale of connectivity in the East and the Southwest. In the East, precipitation is weakly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to moderate-frequency rainfall events; in the Southwest, precipitation is strongly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to low-frequency rainfall events. The latter are no less important to the integrity of the downgradient waters, even though their frequency and duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration of the connection but, rather, the relative magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of relative likelihood × relative consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands (Figure 3.2-2). This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b	Comment by Mark Rains: Amanda – This is a temporary figure number.





[image: http://www.nature.com/nclimate/journal/v1/n4/images_article/nclimate1143-f5.jpg]


Figure 3.2-2. Relative likelihood × relative impact of global-scale phenomena (CITATION NEEDED).	Comment by Mark Rains: Amanda – This is a temporary figure number.	Comment by Mark Rains: Amanda – Please add the citation here and in the References.





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?	Comment by Mark Rains: We wrote this because we thought that the SAB had reached this consensus. We have two comments, immediately above, one supportive, one not so much. I think we should discuss this further.





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity, such as dams (Ward and Stanford 1983) and groundwater pumping that lowers local water tables and causes surface-water connections to cease (Haag and Pfeiffer 2012); some can directly increase connectivity, such as ditches (Min et al. 2010) and tile drains (Randall et al. 1997);, and some can indirectly change the frequency, magnitude, timing, duration, and/or rate of change of connectivity,  such as impervious surfaces in the contributing watershed (Walsh et al. 2012). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point





Forcings and Regionalization





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for regions with unique conditions such as the permafrost regions of Alaska. This problem has been identified by a number of public commenters. The EPA therefore should consider expressing forcings in terms of Hydrologic-Landscape Regions (HLRs; Wolock et al. 2004), or an equivalent system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic, and the species present). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the materials, energy, and organisms that flow by surface-water and/or groundwater flowpaths from numerous waters and wetlands. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligible, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless be important. For example, the degradation of a single small, headwater stream might have a negligible effect on downgradient water quality, but the aggregate or cumulative effect of the degradation of all small, headwater streams would have a large effect on downgradient water quality (Alexander et al. 2007).





Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Studies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate water and wetland maps; this illustrates how new technologies may influence the scientific understanding of connectivity. 





It is critical that readers of the Report understand that many existing databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) found 0.8 km of stream channel on a 1:500,000 scale map and 56 km of stream channel on a 1:7200 scale map in a North Carolina watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) hydrological, chemical, and biological connections between small and large streams is increasing rapidly. Mapping scale also applies to wetlands in on-riparian/non-floodplain settings. Frohn et al. (2009), Frohn et al. (2012), Lane et al. (2012), and Martin et al. (2012) all tried to map geographically isolated wetlands, i.e., wetlands surrounded by uplands, but found that currently available spatial data were inadequate for the task, in large part due to the limitations of the scale and/or accuracy of the maps used to determine whether or not a wetland was surrounded by upland. Hence, the degree of connectivity will be determined in some part by in the database and/or data collection technology used for the analysis.





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.





[bookmark: _Toc99930883][bookmark: _Toc260313045]


[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:4] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [4:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands”. The SAB finds that the focus on hydrologic connections in Section 5.4 and elsewhere does not account for important biological exchanges, not transported stream flow, that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, shallow ground water, deep ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994), especially those that address material flows generated by avian fauna, be added to the Report. Findings from additional literature on theEvidence from the literature on biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are is overwhelming and is particularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Duncan: (Patten) I think this is stretching connectivity... this could connect almost any location. 	Comment by Johnson: (Johnson) Insert references provided by Rob Brooks here





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) this worries me... 





· The literature review should analyze the scientific literature to specifically address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. Geographic differences, especially as it relates to precipitation, should be analyzed. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian/floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 





Similarly the SAB recommends that Figure 1, shown below, be used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). 	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?











Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:5]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms. 	Comment by Kolm: (Kolm) Not accurate for all case histories: Terminal salt lakes and playas may also have strong hydrologic connections like we see in Nevada and Death Valley, CA. Recommend deliting the sentence or modifying it to include both end members.

General comment: Each of the case histories presented could use a cross-sectional diagram illustrating the hydrology and connectivity of the features and region. It is difficult for most readers to visualize these descriptions of structure and function. [5:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible based on the scientific literature and provide specific statements on where the literature is lacking or incomplete. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude, short duration floods may infrequently connect non-riparian/non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Sullivan: (Sullivan) It seems like a predictability framework could also vbe helpful in understanding the degree of connectivityoutlined here (e.g., waterfowl migration moves nutrients at high magnitudes at relatively predictable intervals).	Comment by Benda: (Benda) Although mentioned previously in these comments, the issue that all waters are connected over sufficiently long time scales is highlighted again using the scale “thousands of years”. How many thousands of years? 1, 10, 100, 1000?  If the SAB wants to encourage EPA to consider hydrologic-habitat connectivity at these extended time scales, perhaps it should provide some guidance on how to determine the strength of those connections, in the context of policy making which is the ultimate use of the EPA Connectivity Report. The issue of expanded time scales comes up in other areas of the SAB review including under “Recommendations” (Pg. 50, lines 6-7).
	Comment by Allan: (Allan) I feel this seemingly side-steps the issue of degree of connectivity and the gradient comcept.	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 	Comment by Duncan: (Patten) we have this recommendation earlier but does this weaken the connectivity argument as it can be interpreted as geological time (e.g., millennia). 	Comment by Allan: (Allan) Although this statement acknowledges variation in magnitude of connectivity, I think the SAB review should direct the EPA Report towards greater specificity, rather than towards very general statements that provide little guidance on the degree of connectivity. Might this be an opportunity to suggest that, while all systems are connected, the strength of connectivity is affected by many variables and is best decided on a case-by-case basis?





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are likely to be connected to downstream water (in various magnitudes) over sufficiently long time scales., yet the effects of these connections vary widely in magnitude across wetlands.	Comment by Murphy: (Murphy) Without the second clause this is an entirely different recommendation!





· The EPA should assess connectivity in terms of downstream effects, not just in terms of based upon the frequency, magnitude, or and duration of connections.	Comment by Murphy: (Murphy)





· The Report should emphasize that while that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales, such connections may not be relevant if they do not have important effects on downstream water quality. As a result, the Report should access connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 	Comment by Josselyn: (Josselyn) I suggest this to replace the two bullets above..








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013).. The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  In particular, extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts.	Comment by Fausch: (Fausch) Additional text.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways and to describe to the degree possible how connectivity may have been reduced or eliminated by such human disturbances.


[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Duncan: (Patten) for example????  years, decades, centuries... etc. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands (ASTM, 1996; Kolm, et. al, 1996), and can be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the fourfive pathways by which non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 





· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that, as has been done for prior conclusions, the authors remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a	Comment by Johnson: (Johnson) I think we can delete this, and include comments only on the key findings that require changes.





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of these man made wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity can occur between [non-floodplain] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”	Comment by Duncan: (Patten) this statement ultimately connects most wetlands and rivers regardless of proximity or any close geographic locations. 





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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Body of Report


 


7,  11:  I disagree with the suggested change.  To say that the report is generally thorough and
 technically accurate greatly weakens the statement.  I think the statement should stay as
 “review of the literature that is both thorough  and technically accurate”.  A review can
 always be more complete and that additional thoroughness is what we are asking for in our
 recommendations.  I do not see that the statement as originally written is inconsistent with
 what we write later.


 


8, last bullet: change to “There should be more analysis of the scientific literature to provide a
 better quantification of the degree, magnitude, and frequency of various hydrologic, chemical,
 and biological connections for each of the wetland types and “waters” that are discussed in
 the report to better understand the consequences that they have on the physical, chemical, and
 biological integrity of downstream waters.”


 


I stopped editing that section at this point, realizing that many of the changes suggested during
 the call had not yet been made on this draft of the document.  I then focused the rest of this
 review on the response to question 2, which is what I should have been doing all along!


 


14, second bullet:  I don’t see where this recommendation as written comes from in the above
 discussion.  If we mean “The Report should consider the functional role of floodplains and
 riparian areas irrespective of their classification as waters and wetlands under the Clean Water
 Act” then we should state that more clearly.  But that is what is said in the next bullet.  So I
 don’t see that this second bullet is needed.  If kept, it definitely needs to be clearer.


 


14, 37:  I inserted biology in this list because when one talks about biological connections, the
 types of animals found there really matters, e.g. the presence of anadromous salmon greatly
 impacts connectivity.  And the type of animal present is not encompassed by “climate,
 geology, and relief.”  So I changed the sentence to:   “The flux and transformation of water,
 materials, and organisms – which fundamentally control the integrity of downgradient
 freshwater ecosystems – occur at varying rates primarily determined by climate, geology,
 biology and relief and are expressed in terms of surface-water and groundwater storage and
 flow through the landscape”


 


16, paragraph starting on line 29:  I share the concerns raised by others that there is too much
 detail here that is somewhat outside the purview of EPA’s report.  The report is not about
 groundwater connectivity per se.  What is critical is how groundwater might serve to connect
 surface waters to downstream systems or wetlands across watershed boundaries.  This
 paragraph talks about groundwater connectivity in general and seems somewhat out of place. 







 At the very least, the last sentence includes an unnecessary level of detail that could be left
 out.


 


17, 23-24: same comment as above for 14, 37


 


19, 3-4: I’m not clear what is meant by this sentence as written.  I changed it to “Connectivity
 across such interrupting reaches can radically shift, with concomitant alteration in habitat or
 downstream impact when connection is reestablished.”  If that is not what was meant, then the
 sentence needs to be clarified.


 


21, 7: I changed it to “even though their frequency and duration may be negligible” – it’s not
 clear in comparison to what, so leave “in comparison” out.  It isn’t needed.


 


22, 20-22:  “i.e., the expressions of chemical, physical, and biological phenomena depend on
 environmental setting (e.g., climatic, geologic, topographic, and the species present).”  Once
 again, if one is talking about biological connectivity, the species present really matters.


On Fri, May 16, 2014 at 4:32 PM, Rains, Mark <mrains@usf.edu> wrote:
Attached, you'll find the following:


1. The revised SAB report. I only made revisions to our section, delineating where I started
 and stopped with notes in the margin that say "Rains started/stopped review and revision
 here." I made all changes permanent, because decisions needed to be made about the
 suggested revisions and it was all getting too difficult to read anyway.
2. New references added during this revision.
3. Our action items. I've made revisions based upon all of these, except one. The one I
 haven't made revisions based upon is the one on metrics. (I've highlighted it with a marginal
 note.) Amanda graciously offered to collect contributions from other panel members, to
 make first pass at that section, and then to pass the revised section to us for review. (Ken, I
 forwarded your contributions to her.)


Tomorrow, I'm in the field near Sacramento and then driving to Portland. After that, I'll be at
 JASM, where I have a ton of responsibilities. Still, I'll be checking email and will do my
 best to make all of your suggested revisions before the deadline COB Monday.


________________________________________
From: Rains, Mark
Sent: Tuesday, May 13, 2014 2:53 PM
To: Kenneth Kolm; Latif Kalin; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas
 (Armitage.Thomas@epa.gov); Iris Goodman



mailto:mrains@usf.edu

mailto:judymeye@gmail.com

mailto:adr79@cornell.edu

mailto:Armitage.Thomas@epa.gov





Subject: Next Draft


Ken, Latif, Judy,


I received action items from Tom, Iris, and Amanda. There is quite a bit there. Amanda has
 offered to help us hit our deadline, especially in getting promised contributions from others
 on the panel. I also had a really productive conversation with Mark Murphy, who had
 already provided some written material following our recent conference calls. I think I can
 make quite a lot of progress toward our action items, especially with Amanda's and Mark's
 help. However, I'm likely to be very close to our deadline, which is May 19. I'm writing to
 see if you can hold some time around that deadline so you can receive and comment quickly
 on that draft before Tom, Iris, and Amanda have to incorporate it into the revised draft in
 advance of our next conference call.


Thanks.


Mark


-- 
Judy L. Meyer Emeritus Professor 
Odum School of Ecology, University of Georgia 
Current address: 498 Shoreland Dr. Lopez Island WA 98261 
Phone 360 468 2136








From: Emma Rosi-Marshall
To: Armitage, Thomas
Subject: Re: Reminder -- Please send me your comments on the SAB Connectivity Panel"s draft report
Date: Monday, April 28, 2014 1:12:43 PM
Attachments: SAB Connectivity Panel Draft Report_3_25_14 ERM comments.doc


Dear Tom, 
I just realized that the email that I meant to send to you on April 18th.  Somehow this email
 was still in my "draft box".  I am not sure how this happened.  I am very sorry that this was
 not sent earlier. 


Dear Tom, 


I am attaching my edits to the SAB report.  Other than these minor edits, the report accurately
 reflects the discussions of the SAB and is very well constructed. 


Sincerely, 
Emma


Emma J. Rosi-Marshall
Associate Scientist
Cary Institute of Ecosystem Studies
2801 Sharon Turnpike AB
Millbrook, NY 12545
845-677-7600 ext 232


http://www.caryinstitute.org/science-program/our-scientists/dr-emma-j-rosi-marshall


On Wed, Apr 16, 2014 at 11:26 AM, Armitage, Thomas <Armitage.Thomas@epa.gov>
 wrote:


Dear Panel Members,


 


This is a reminder to please send me your edits and comments on the Connectivity Panel’s
 draft report.  As previously indicated, I would like to receive your comments on the draft
 report by Friday, April 18th so they can be compiled in preparation for the Panel’s
 teleconferences on April 28th and May 2nd.  Thanks very much.


 


Tom Armitage
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This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.



Science Advisory Board (SAB) Draft Report (3/25/14) to Assist Meeting Deliberations - Do not Cite or Quote



This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.






EPA-SAB-14-xxx



The Honorable Gina McCarthy


Administrator



U.S. Environmental Protection Agency



1200 Pennsylvania Avenue, N.W.



Washington, D.C.  20460


Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence


Dear Administrator McCarthy:



The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 


In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.


The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. Our major comments and recommendations are provided below.



· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. 


· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as continuous hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.


· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.


· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. 


· The SAB commends the EPA for the comprehensive literature review in the Report. To make review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 


· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.


· The SAB finds that the literature on the connectivity of waters and wetlands in riparian/floodplain settings has been correctly summarized in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. We also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.



· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on material flows generated by avian fauna.


· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate those aspects that are clearly supported by the literature and the issues that still need to be resolved. The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.



· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized and written in a consistent style and voice.



The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.







Sincerely,



NOTICE



This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab.
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1. EXECUTIVE SUMMARY TC "EXECUTIVE SUMMARY" \f C \l "1" 


The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.


The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 


The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.


Overall Clarity and Technical Accuracy of the Report


The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that the conceptual framework describing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 


The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.


The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.


Clarity and Technical Accuracy of the Conceptual Framework in the Report


The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 


The SAB recommends that the conceptual framework in the Report be expressed as continuous hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.



In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.


Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams



The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of food-webs from riparian areas to stream ecosystems; and the degree or strength of downstream connections.



Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 


The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains aquifers, particularly in alluvial systems in the southwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.



Literature on Waters and Wetlands in Riparian/Floodplain Settings


The literature on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings has been correctly summarized and characterized in the Report. The literature review substantiates the conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 


Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report should include a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.


Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 


The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) 
and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.



Literature on Waters and Wetlands with the Potential for Unidirectional Hydrologic Flows to Rivers and Lakes



In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and “geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birds is important. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions/directions
. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durations of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.



Findings and Conclusions Concerning Waters and Wetlands with the Potential for Unidirectional Hydrologic Flows to Rivers and Lakes



The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.


The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.


2.  INTRODUCTION TC "INTRODUCTION" \f C \l "1" 


The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.



The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 



The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 



2. RESPONSES TO EPA’S CHARGE QUESTIONS TC "RESPONSES TO EPA’S CHARGE QUESTIONS" \f C \l "1" 


3.1.
Overall Clarity and Technical Accuracy of the Draft Report TC "3.1.
Overall Clarity and Technical Accuracy of the Draft Report" \f C \l "2" 


Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 


The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is both thorough and technically accurate. However, the SAB finds that the Report could be strengthened by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review; (4) provide additional detail and clarification of text in some parts of the document; and (5) restructure the case studies. 



3.1.1.
Style and Organization of the Draft Report



There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 



Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings of the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 



Recommendations



· The Report should be edited to ensure that it is written in a consistent style and single voice. 


· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.


·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.



· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.



· Key points should be clearly stated at the end of each chapter.



· A succinct table summarizing the key findings of the report should be included in the executive summary.



3.1.2.
Improving the Usefulness of the Report to Decision-Makers



Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007), which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property - either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”). In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.



Recommendations



· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).



· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.



· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.



3.1.3.
Strengthening the Literature Review



The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.


Recommendations


· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.



· The Report should clearly describe the approach used to screen, compile, and synthesize information.



· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.



· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.



3.1.4.
Additional Detail and Clarification of Text Needed in the Report



As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:


· The importance and relevance of different spatial and temporal scales. 


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 



· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  


· Why a watershed perspective is needed to understand connectivity. 


· The importance of considering water bodies in aggregate for evaluations of connectivity.



· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes).


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.



Recommendation


· The topics listed above should be clarified or discussed in more detail in the Report. 


3.1.5.
Restructuring the Case Studies in the Report



The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.1 of this report, comparisons among geographic regions could be accomplished by using hydrology (which varies regionally) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human dominated system and a bottom land hardwood system in the Report.


Recommendations



· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.



· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.



· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.


3.2.
Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure



 and Function TC "3.2.
Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure" \f C \l "2" 


Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 


The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that the literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, the conceptual framework needs to be revised and clearly articulated at the beginning of the Chapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity, such as the influence of human activities, should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 



3.2.1.
Defining Connectivity



Because connectivity can be defined in many ways, the Report needs to define and concisely discuss what is meant by “connectivity” at the beginning of Chapter 3. Currently, connectivity is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.



Recommendations



· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report.



· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.


3.2.2.
Defining the Scope of the Report


The SAB finds that the scope of the Report needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various water bodies and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of water bodies and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the wetland definition of Cowardin et al. (1979) to describe wetlands, and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter
” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. definition of a wetland was used
. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.



Recommendations



· The scope of the Report should be clearly delineated, with special attention paid to clearly defining what are considered waters and wetlands.



· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as wetlands or other water bodies (see discussion in Section 3.5.2 of this report). The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. definition of a wetland was used.


3.2.3.
Use of a Flowpath Framework



As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and primarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 



The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. For example, the Ogallala aquifer underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina. Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling that transitions to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.



Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998). Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 



An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). 



Some editorial or technical corrections are needed in the Report to address various omissions, inconsistencies, and errors in the hydrology section, as well as other sections, of the Report. These have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 



1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by Horton (1945). 



2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by Dunne and Black (1970).



3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 



4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.



The Report should further discuss variable source areas and how they expand and contract, and therefore change the way that landscapes connect through storms and seasons (Dunne and Black 1970). Variable source areas have particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which are highly variable in space and time. The incomplete discussion of variable source areas is a critical shortcoming of the current version of the Report because it is through variable source area expansion that waters and wetlands in non-riparian/non-floodplain settings can intermittently or ephemerally become the headward extent of headwater streams (e.g., Rains et al. 2006; 2008). In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendation that connectivity be discussed as a continuous phenomenon. As previously noted, the EPA has chosen to discuss landscape settings discretely and has organized the Report in sections focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscapes are considered to be discrete, it is important to clearly state that the lines delineating these landscape categories are conceptual and/or fluid, i.e., that there are no fixed bright lines between the categories.



To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996). This document was developed with funding from the EPA and it provides an effective way to characterize groundwater systems in diverse hydrogeological settings (e.g., Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). 



The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are dispersed throughout watersheds and organisms move among the habitats often throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke et al. 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely, thus connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.



Recommendations


· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.


· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 



· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.


· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.



· Biological connectivity should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters. 



3.2.4.
Revising and Defining the Terminology Used in the Report



With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms would employ a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire Report. 



The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.



Recommendations



· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”


· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.



3.2.5.
Layers of Complexity in the Conceptual Framework



Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.



Functions



The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some functions are enhanced by connectivity and others by relative isolation. This is an important point, one that is implicitly made throughout the report and explicitly made in the section on unidirectional wetlands. Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation.


Spatial and Temporal Scales


Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are long lived or cumulative. Long-lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure and function of downgradient waters over the scale of decades. Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki 2007). The SAB recommends that the Report compare and contrast the humid east and the arid southwest and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitude events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitude events. The latter are no less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration of the connection. One way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands. This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 


Human-Altered Systems



There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 


Flow and Transport Forcings and Regionalization


The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for states such as Hawaii and Alaska. This problem has been identified by a number of public commenters. The EPA therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.



Aggregate or Cumulative Effects


The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligible at sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 may make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 



Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Many studies have been published on these kinds of cumulative effects (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and planned alterations of other waters and wetlands in the watershed.


Map Scale



The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 



It is critical that readers of the Report understand that many databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM. (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) physical, chemical, and biological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances in technology.



Recommendations



· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.



· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 



· The role that human alterations play in the conceptual framework should be addressed explicitly.



· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 



· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.


3.2.6.
Summary and Synthesis of the Conceptual Framework


The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the agency is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.


Recommendation



· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.



3.3.
Review of the Literature on Ephemeral, Intermittent, and Perennial Streams TC "3.3.
Review of the Literature on Ephemeral, Intermittent, and Perennial Streams" \f C \l "2" 


Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 



The SAB finds that Chapter 4 of the Report is an excellent review of the peer-reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 


The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer-reviewed literature that the EPA should consider citing in the Report. 



3.3.1.
Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas


The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow moving subsurface waters and surface waters located at channel margins (in pools and in recirculating eddies). The review should include a more complete discussion of the processes involved and give more attention to spatial and temporal variability. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 



The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 



Recommendations



· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.



· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.



3.3.2.
Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations



The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report would be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 



The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).


Recommendations



· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients and to consider other solutes, contaminants, and transformation processes. 



· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes.



3.3.3.
Expanding the Discussion of Factors that Influence Stream Temperature



The SAB finds that the discussion of the role of upslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and stream temperature should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity.



The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).


Recommendations


· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 



· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.


· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.


3.3.4.
Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity  



The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not necessarily reduce its inherent importance to downstream ecosystems. 


More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 



The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012). 



Recommendations



· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.


· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.


· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation.


· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.



3.3.5.
Strengthening the Review of Biological Connectivity  



As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 



·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.



·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.



·    These mobile species range across many different taxa, even within fish, and include many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and invertebrates, require these habitats and move to access them.



·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. Thus, connectivity to these habitats is a key to the biological integrity of downstream waters.



·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.



Recommendation


· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.


3.3.6.
Review of the Human-Modified Headwater Stream Literature 



As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes. The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 



The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Lautz et al. (2008); and O’Connor et al. (2010).



Recommendations



· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low dams, grade control structures, stream restoration, and effluent dominated streams.



· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 



3.3.7.
Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 


On Downstream Ecosystems


The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 



The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 



Recommendations



· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.



· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 



· The modeling section of the Report should be expanded to include results from additional models. 



· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 


3.3.8.
Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems



The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.



Recommendation



· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.


3.3.9
Food-web Connections from Riparian Zones to Streams that Support Aquatic 



Organisms



The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:



·    Streams receive leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals.



·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.



·    Linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 



·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.



Recommendations 


· The SAB recommends adding a new section (with additional references) to the Report to thoroughly document the importance of food-web connections from riparian zones to streams; the new section should discuss the points itemized above.



3.3.10.
Clarifying How Case Studies Were Selected  



As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded.



Recommendations



· The Report text should explain the rationale for selecting case studies. 



· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study.


3.3.11.
Clarifying the Report Findings Concerning the Strength or Degree of Downstream


Connectivity 


The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry and biology of downstream waters. 



The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).



Recommendations



· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 


· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 


3.4.
Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams TC "3.4.
Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams" \f C \l "2" 


Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 



Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 


The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly
 and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 



Recommendations



· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 



· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.



· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 



· “Connectivity” should be added to Table 4.1 using biological connections as an example. 



· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 



3.4.1.
Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams



The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.



 Connectivity, Boundaries and Linkages



The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 



The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 


The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. In addition, the SAB recommends that text be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. 



Ephemeral Streams



The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency of these connections; and (3) by identifying where further research needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 



 Chemical Connectivity and Nutrients



The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 



The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.



Treatment of Uncertainty



The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well-designed matrix could have several advantages as it would better communicate the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 


Case Studies and Context



The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 



The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and weather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 


 Consistent Statement of Conclusions throughout the Text



The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.



Recommendations



· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 


· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 


· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 



· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.


· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 



· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.



· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.



· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-dependent conclusions from broader general conclusions.



· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.



3.5.
Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings TC "3.5.
Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings" \f C \l "2"  


Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.



The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature on waters and wetlands in riparian/floodplain settings has been correctly summarized and characterized in the Report. The literature review substantiates the conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional connectivity. 



3.5.1.
Structure of Section 5.3 of the Report 


Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 


Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 to give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 


As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.


The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 


Recommendations



· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.


· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 


· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 


3.5.2.
Terminology in Section 5.3 of the Report 



As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” This change in terminology is needed to acknowledge the two-way flux of water and materials between floodplains and riparian areas and adjacent rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text. 


The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of the authors of the Report, which was to take a broad view of floodplains that allowed a much more representative cross section of the literature to be used. Moreover, the critical ecological and functional roles of floodplains and riparian areas must be acknowledged in the Report regardless of their status as wetlands as defined by Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987). Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. 



Recommendations



· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”


· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.



· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 


3.5.3.
Spatial and Temporal Connectivity of Floodplain Environments to River



Systems



Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:


Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)


However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).


There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.



One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel. As such, Section 5.3 of the Report needs to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships. 



The EPA should consider incorporating into the Report examples of floodplain classification systems that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 



The Report should emphasize the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of species (fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands, which flood in the winter and early spring wet season, then dry down in the summer. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance of these habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies. 



The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 


Recommendations



· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).


· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 



· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 



· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 



· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.


· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.



· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of species (fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.


· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 



3.5.4.
Export versus Exchange 


Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectional nature of fluxes/connections between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 


Recommendation



· There should be a stronger focus in the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.


3.5.5.
Biogeochemical Linkages


Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 



The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.


Recommendations



· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).


· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).


· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.


· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 


· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 


3.5.6.
Case Study on Forested Wetlands


The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 


Recommendation



· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.



3.5.7.
Human Impacts to Floodplains and Aggregate Effects 



The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 



Recommendations



· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.


· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.


3.5.8.
Recommended References



The SAB recommends that the EPA consider adding the following selected references to the Report.


· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).


· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).


· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).


· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).


3.6.
Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings TC "3.6.
Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings" \f C \l "2"  



Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.


3.6.1.
Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 



The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.



Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 



Recommendations



· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.



· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.



· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.



· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.


3.6.2.
Additional Recommendations Concerning the Findings and Conclusions Regarding Waters Wetlands in Riparian/Floodplain Settings 



The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 



Inconsistent Terminology


As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.



Temporal Component



As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) a strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite size, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).


Further Quantification of Key Conclusions



The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).



Chemical Linkages



The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 


 Biological Linkages Including Food Webs



The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also is the opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 



Export versus Exchange


As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 


Case Studies


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 


Human Impacts 


In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 



Aggregate/Cumulative Effects



The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.


Recommendations



· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.


· The terms “riparian” or “riparian areas” should used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.



· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.



· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 


· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).



· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 



· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.



· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.



· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.


· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.


3.6.3.
Alternative Wording for Findings and Conclusions



The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.



3.7.
Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands TC "3.7.
Review of the Literature on Non-floodplain (\“Unidirectional\”) Waters and Wetlands" \f C \l "2" 


Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.



The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands”. The SAB finds that the focus on hydrologic connections in Section 5.4 and elsewhere does not account for important biological exchanges that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 


 3.7.1.
Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands


The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013 review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994), especially those that address material flows generated by avian fauna, be added to the Report. Findings from additional literature on the biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are particularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.


Recommendations



· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. be added to the Report.



· The EPA should consider including additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.



· The SAB recommends that the EPA also consider adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).


3.7.2.
Clarification of Terms in Section 5.4 of the Report



The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within floodplains, and “unidirectional wetlands” as those not within a floodplain (i.e., non-floodplain wetlands). The influence of floodplain and non-floodplain wetlands on downstream connectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.


Recommendation


· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-floodplain wetlands.”


3.7.3.
Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity


As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpaths used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functions provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 


Similarly the SAB recommends that Figure 1, shown below, be used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). 
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Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.



The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency
) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms. 


Recommendations



· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).



· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.



· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible.


3.7.4.
Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and 




Open Waters


Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude floods may infrequently connect non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 


The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 


Recommendations



· The EPA should recognize in the Report that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales.


· The EPA should assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.


3.7.5.
Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes



Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time. The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 


Recommendations



· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 



· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 



3.7.6.
Discussion of Human Alteration of Landscapes in Section 5.4 of the Report


The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.


Recommendation


· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways.


3.8.
Review of the Findings and Conclusions Concerning Non-floodplain (“Unidirectional”) Waters and Wetlands TC "3.8.
Review of the Findings and Conclusions Concerning Non-floodplain (\“Unidirectional\”) Waters and Wetlands" \f C \l "2" 


 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.


In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.



3.8.1.
Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 




For Unidirectional Hydrologic Flows to Rivers and Lakes 



The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 



The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 


 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”


The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered. 


The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux. The SAB recommends that this emphasis must shift in order to account for strong connections along any one of the four pathways of connection. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.


Recommendations


· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 


· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”


· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.


· Conclusion 3 of the Report should explicitly state the four pathways by which non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 


· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 


· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.


3.8.2.
Recommendations Concerning Findings for Waters and Wetlands with Potential




For Unidirectional Hydrologic Flows to Rivers and Lakes 



The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 


The SAB recommends that, as has been done for prior conclusions, the authors remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.


The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  


The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.



Key Finding a


The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


Key Finding b



The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:


”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant species, play important roles in transferring energy and materials between wetlands and downstream waters.”


The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those which are man-made or are found in urban environments. The functions and values of these wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.


Key Finding c



The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


“Biological connectivity can occur between [non-floodplain] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”



Key Finding d


The SAB has no recommendations for changes in the existing text. 


Key Finding e



The SAB has no recommendations for changes in the existing text.



Key Finding f


The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findings f.



Suggested additional key finding on spatial proximity of non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”


Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes to other wetlands within the same watershed.”


The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 


Recommendations



· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.



· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.


· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:



A Review and Synthesis of the Scientific Evidence 



Technical Charge to External Peer Reviewers


Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 



The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 


TECHNICAL Charge Questions



Overall Clarity and Technical Accuracy of the Draft Report



1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  



Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function



2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 


Lotic Systems: Ephemeral, Intermittent, and Perennial Streams



3(a) Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.



3(b) Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.



Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes



4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.



4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.



Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”



5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.


5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2


· Use “waters and wetlands in riparian/floodplain settings” throughout



· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.



· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.



· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 


Recommended Wording for Other Sections



·  Use “waters and wetlands in riparian/floodplain settings” throughout.



· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.



· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.



· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 



� Resigned from the Panel in March, 2014




� The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.




2 In response to questions from the SAB about the use of the “one parameter” wetland classification, EPA scientists explained that much of the scientific literature does not specify the method used to delineate the wetlands under study. Thus, EPA scientists used the broader ‘one parameter” definition of wetlands to more fully assess the entirety of the available scientific literature.




� The summary should not include reference to literature already cited in the Report.




� Note that, in this context, frequency, magnitude, and duration, apply to all five functional flowpaths, and not to just hydrologic connectivity.









�Should this be added elsewhere?




�Should this be added here?  It is implied
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Sent: Wednesday, March 26, 2014 10:53 AM
Cc: 'adr79@cornell.edu'; Brennan, Thomas; Goodman, Iris; Armitage, Thomas
Subject: Action requested: Please review the SAB Connectivity Panel's draft report


 


Dear SAB Connectivity Panel Members,


 


Dr. Rodewald has asked me to send you the attached draft of the SAB Connectivity Panel’s
 report for review. The charge question responses developed by the lead writers have been
 incorporated into the report and a draft letter to the EPA Administrator and executive
 summary have been included. Please review the draft report and send me your comments by
 Friday, April 18th.  I will compile the Panel’s comments for your discussion on the public
 teleconferences to be held on April 28th  and May 2nd (1:00 -5:00 p.m. Eastern Time).  The
 call-in number for both teleconferences is 1-866-299-3188 and the conference code is 2023439995#. 


 


On the upcoming teleconferences we will discuss the draft report and focus on substantive
 issues that: may lack consensus, be inaccurate or problematic, need additional explanation



tel:202-564-2155

tel:202-565-2098

mailto:armitage.thomas@epa.gov

mailto:adr79@cornell.edu

tel:1-866-299-3188
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 or context, or need to be added. We will also discuss the executive summary and the letter
 to the Administrator.  The letter to the Administrator is usually read by EPA senior
 managers, the executive summary is usually read by technical managers, and the body of
 the of the report is read by the EPA technical staff. In your review, please consider whether
 the appropriate points are included, with the appropriate level of detail, in those respective
 parts of the report.  Please also consider whether the recommendations listed as bullets at
 the end of each section of the report represent the Panel’s key recommendations. I have
 attached both PDF and Word files containing the draft report.  If you wish to provide
 editorial comments that do not have to be discussed, please also send them to me so they
 can be incorporated into the report.


 


After the Panel reaches consensus on its draft report, the report will be sent to the chartered
 SAB for quality review. The chartered SAB quality review is focused on four areas:
 whether the charge questions were adequately answered, whether there were any technical
 errors or omissions in the report or issues that were inadequately dealt with, whether the
 report was clear and logical, and whether the conclusions and recommendations were
 supported by the body of the report. After the chartered SAB approves the report, it will be
 transmitted to the Administrator.


 


The EPA has released its proposed rule clarifying the definition of waters of the United
 States under the Clean Water Act and, as indicated at the Panel meeting in December, we
 are providing it to you. The proposed rule is available on the EPA website at the following
 URL:   www.epa.gov/uswaters .


 


I will send you the agendas for the upcoming teleconferences and any public comments that
 are submitted for your consideration. Please feel free to contact me if you have questions.


 


Regards,


 


Tom Armitage


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)
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armitage.thomas@epa.gov


 


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460


 


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From:  on behalf of Lucinda Johnson
To: Armitage, Thomas; Amanda D. Rodewald
Subject: Re: SAB Connectivity Panel meeting on June 19th
Date: Friday, May 02, 2014 1:04:53 PM


Tom / Amanda;


I will have to leave at 3:34 to catch a flight home.


Sorry to have to drop off early.


Lucinda


-------
Lucinda B. Johnson
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251


On Thu, May 1, 2014 at 11:55 AM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Dear SAB Connectivity Panel members,


 


I look forward to talking with you on the teleconference on Friday (May 2nd) from 1:00
 -5:00 p.m. Eastern Time (call-in number 1-866-299-3188, conference code 2023439995#)
 to continue the discussion of the Panel’s draft review of the EPA’s science synthesis report.


 


As you know, the SAB Office tentatively scheduled a Panel teleconference on June 9th and a
 Panel face-to-face meeting on June 19th to provide advice on the scientific and technical
 basis of EPA’s proposed rule clarifying the definition of waters of the U.S.  At this time
 both the chartered SAB and the Agency are still considering options for review of the
 adequacy of the science to support the proposed rule.  Therefore we will not hold the June
 9th teleconference and June 19th meeting for that review.  More information will be
 provided when it is available.


 


Meanwhile, we ask that you continue to reserve the dates of June 9th and June 19th until we
 determine whether additional meetings are needed to complete the discussion of the Panel’s
 draft review of the EPA’s science synthesis report. 


 


(b) (6)



mailto:ljohnson@d.umn.edu

mailto:Armitage.Thomas@epa.gov

mailto:adr79@cornell.edu

mailto:Armitage.Thomas@epa.gov

tel:1-866-299-3188

tel:2023439995





Regards,


 


Tom Armitage


 


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov


 


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460


 


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Amanda D. Rodewald
To: Armitage, Thomas
Subject: Re: Thanks!
Date: Friday, May 02, 2014 5:05:47 PM


Thanks, Tom!  I so appreciate the work you've done.
Best,
A


Sent from my Verizon Wireless 4G LTE DROID


"Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Hi Amanda,
 
Thanks for doing wonderful job leading the conference call today.  I think it went very well.
 
Tom
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From: Lucinda Johnson
To: Goodman, Iris; Armitage, Thomas
Subject: Re: Use these instead of Tom A."s directions to SAB staff office
Date: Monday, April 28, 2014 11:37:15 AM


Saved by the hotel.  They have a place where I can phone in.  So I'll talk to you in a bit.  Sorry
 to have wasted your time
Lucinda


Sent from my iPhone


On Apr 28, 2014, at 10:16 AM, "Goodman, Iris" <Goodman.Iris@epa.gov> wrote:


Lucinda,
 
I recommend you take a cab to the Reagan Building and tell him to take you  to 13 ½
 Pennsylvania Ave., NW  (and, yes, the ½ is in the address).  Have the cab drop you off
 at the inside corner of  the Reagan building, which is straight ahead of you, when the
 cab makes the turn into 13 ½ Penn Ave, NW.
 
Enter the glass doors and go through the first set of security guards.  After you pass
 through them, walk straight ahead about 50 feet – you will see another security guard
 desk at an entrance labeled EPA.  Go to that guard and ask him to call Tom Carpenter
 (202-564-4885), one of our colleagues here.  I will tell the guard to expect you.
 
Tom C. will  come to escort you to our office and to the conference room.   
 
Safe travels.
 
Iris
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From: Dave Allan
To: Amanda D. Rodewald
Cc: Armitage, Thomas; Goodman, Iris; Rains, Mark (mrains@usf.edu)
Subject: Re: example
Date: Friday, May 02, 2014 12:22:19 PM


received. look very promising.  thinking,.....


J. David Allan
Professor, School of Natural Resources & Environment
University of Michigan
Ann Arbor, MI 48109-1041
dallan@umich.edu
ph. 734.764.6553  fax 734.763.8965
http://snre.umich.edu/profile/dallan


On Fri, May 2, 2014 at 12:17 PM, Amanda D. Rodewald <arodewald@cornell.edu> wrote:


Hi Mark and Dave,


 


Following up on Monday’s discussion, I’m wondering if these kinds of figures would be
 good to illustrate how the Report could make clear how the appropriate spatial and temporal
 scale will depend upon which kind of disturbances dominate a particular system.


 


Talk to you shortly.


 


Best,


Amanda
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Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology


Associate Professor, Department of Natural Resources


Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850


Phone (Lab of Ornithology office): 607-254-2176


Phone (Fernow Hall office): 607-254-7045


Fax: 607-254-2104


Email:  arodewald@cornell.edu


 


 



tel:607-254-2176

tel:607-254-7045

tel:607-254-2104

mailto:arodewald@cornell.edu






From: Duncan Patten
To: Amanda D. Rodewald
Cc: Armitage, Thomas; Goodman, Iris
Subject: Re: revised Charge Question 1
Date: Monday, May 19, 2014 6:05:20 PM


Amanda et all
 No computer so will get to it


 Friday when home. Hope OK


Duncan


Sent from my iPhone


> On May 18, 2014, at 7:29 PM, "Amanda D. Rodewald" <arodewald@cornell.edu> wrote:
>
> Question
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From: Moffett,Justin T (BPA) - KEC-4
To: Armitage, Thomas
Subject: Recall: Notification of Two Public Teleconferences of the Science Advisory Board Panel for the Review of the EPA


 Water Body Connectivity Report
Date: Monday, April 28, 2014 1:06:58 PM


Moffett,Justin T (BPA) - KEC-4 would like to recall the message, "Notification of Two Public Teleconferences of
 the Science Advisory Board Panel for the Review of the EPA Water Body Connectivity Report".








From: Goodman, Iris
To: Armitage, Thomas
Subject: Request for call in number
Date: Monday, April 28, 2014 12:35:59 PM


From: Ghurye, Ganesh L [mailto:ganesh.l.ghurye@exxonmobil.com] 
Sent: Monday, April 28, 2014 12:04 PM
To: Goodman, Iris
Subject: FW: Live Webcast today
Hi Iris – see my email below. Do you have call-in information for today’s public teleconference?
Thanks,
Ganesh


From: Ghurye, Ganesh L 
Sent: Monday, April 28, 2014 11:03 AM
To: 'armitage.thomas@epa.gov'
Subject: Live Webcast today
Hi Thomas,
I am trying to connect to the Audio webcast; unfortunately, I cannot do so.


Is there a call-in number/passcode for this telecon?
Thanks,
Ganesh L. Ghurye
Water Advisor
Environmental & Regulatory Group
Central SSH&E
Exxon Mobil Corporation
13501 Katy Freeway, Room L1-428, Houston, TX 77079
Phone: (281) 870 7716
ganesh.l.ghurye@exxonmobil.com
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From: Rains, Mark
To: "Amanda Rodewald (adr79@cornell.edu)"; Armitage, Thomas; Goodman, Iris
Cc: "Kenneth Kolm"; "Latif Kalin"; "Judy Meyer (judymeye@gmail.com)"
Subject: Revisions
Date: Thursday, May 08, 2014 12:04:04 PM


Hi Tom, Iris, Amanda,


Two questions:


1. Are we going to get some meeting notes, writing assignments, and deadlines from leadership?
2. Are we supposed to resolve the comments made in MS Word Track Changes? If so, then how are we supposed to
 handle totally new material, e.g., new paragraphs about new issues that haven't been fully discussed? Should we
 accept or reject on our own grounds? Or do we also have the option of leaving the material in, with a marginal note
 indicating that we want feedback from the entire group?


Thanks.


Mark
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From: Stenger, Jennifer A
To: Armitage, Thomas
Subject: SAB - Connectivity Report Call
Date: Monday, April 28, 2014 11:35:14 AM


Thomas – I will be calling in for the SAB Meeting call today and on Friday. Thanks!
Jennifer Stenger, P.E. | Environmental Policy Analysis & Strategy, Director | Duke Energy
299 First Avenue North, FL 163 | St. Petersburg, FL 33701 | 727.820.5628 | jennifer.stenger@duke-energy.com
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From: Armitage, Thomas
Cc: Goodman, Iris; Brennan, Thomas; Pozun, Diana
Bcc: aaldous@tnc.org; Genevieve.Ali@ad.umanitoba.ca; dallan@umich.edu; leebenda@earthsystems.net;


 emily.bernhardt@duke.edu; rpb2@psu.edu; kurtf@warnercnr.colostate.edu; fennessym@kenyon.edu;
 mgooseff@engr.colostate.edu; jwharvey@usgs.gov; ljohnson@d.umn.edu; josselyn@wra-ca.com;
 kalinla@auburn.edu;  kkolm@mines.edu; judymeye@gmail.com; hassy@cox.net;
 dtpatten@montana.edu; mrains@usf.edu; krr@ufl.edu; adr79@cornell.edu; rosimarshalle@caryinstitute.org;
 jack.stanford@umontana.edu; sullivan.191@osu.edu; tank.1@nd.edu; maury.valett@umontana.edu;
 ellenw@cnr.colostate.edu


Subject: SAB Connectivity Panel meeting on June 19th
Date: Thursday, May 01, 2014 12:55:00 PM


Dear SAB Connectivity Panel members,
 


I look forward to talking with you on the teleconference on Friday (May 2nd) from 1:00 -5:00 p.m.
 Eastern Time (call-in number 1-866-299-3188, conference code 2023439995#) to continue the
 discussion of the Panel’s draft review of the EPA’s science synthesis report.
 


As you know, the SAB Office tentatively scheduled a Panel teleconference on June 9th and a Panel


 face-to-face meeting on June 19th to provide advice on the scientific and technical basis of EPA’s
 proposed rule clarifying the definition of waters of the U.S.  At this time both the chartered SAB and
 the Agency are still considering options for review of the adequacy of the science to support the


 proposed rule.  Therefore we will not hold the June 9th teleconference and June 19th meeting for
 that review.  More information will be provided when it is available.
 


Meanwhile, we ask that you continue to reserve the dates of June 9th and June 19th until we
 determine whether additional meetings are needed to complete the discussion of the Panel’s draft
 review of the EPA’s science synthesis report. 
 
Regards,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Erin K. Bartlett
To: Armitage, Thomas
Subject: SAB Connectivity Report Call
Date: Monday, April 28, 2014 11:51:27 AM


Tom:
I plan on listening to today’s call. Thank you for your assistance.
Have a great day,
Erin
Erin K. Bartlett | Associate
Van Ness
Feldman LLP


1050 Thomas Jefferson Street, NW
Washington, DC 20007


(202) 298-1812 (o) | (202) 338-2416 (f) | ekb@vnf.com |
This communication may contain information and/or metadata that is legally privileged, confidential or exempt from disclosure. If you are not the intended recipient,
 please do not read or review the content and/or metadata and do not disseminate, distribute or copy this communication. Anyone who receives this message in error
 should notify the sender immediately by telephone (202-298-1800) or by return e-mail and delete it from his or her computer.


 vnf.com
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From: Jerry Worsham
To: Armitage, Thomas
Subject: SAB Teleconference (May 2, 2014) Proposed Rule- Clean Water Act Jurisdiction
Date: Thursday, May 01, 2014 1:53:27 PM


Tom:
I will be unable to participate in the teleconference tomorrow but would appreciate a copy of any
 “presentation materials”  for review.  Could you make sure that I get a copy and send them by
 email?  Call me direct at  with any questions.
 
Thanks. 
 
Jerry
______________ 
Jerry D. Worsham II 
Member 
Ridenour, Hienton & Lewis, P.L.L.C. 
Chase Tower 
201 North Central Avenue, Suite 3300 
Phoenix, Arizona 85004 
E. jworsham@rhlfirm.com | O. 602.254.9900 | F. 602.254-8670 | W. www.rhlfirm.com
This electronic mail transmission contains information from the law firm of Ridenour, Hienton & Lewis, P.L.L.C. that may be confidential or
 privileged. Such information is solely for the intended recipient, and use by any other party is not authorized. If you are not the intended
 recipient, be aware that any disclosure, copying, distribution or use of this message, its contents or any attachments is prohibited. Any
 wrongful interception of this message is punishable as a Federal Crime. If you have received this message in error, please notify the sender


 immediately by telephone at (602) 254-9900 or by electronic mail at jworsham@rhlfirm.com
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From: Alexander, Laurie
To: Armitage, Thomas
Cc: Frithsen, Jeff
Subject: SAB Teleconference, May 2, 2014
Date: Friday, May 02, 2014 12:33:32 PM


Hi Tom,


Unless you say otherwise, I plan to call-in today using the panel’s 2-way number.  Although I
 don’t expect to be asked any questions, this way I will be available to do so if needed.


I’ve asked our co-authors to use the audio link on the SAB meeting website for today’s call. On
 Monday.


Best regards,


Laurie


Laurie C. Alexander, Ph.D.  |   703.347.8630


Office of Research and Development


Environmental Protection Agency


1200 Pennsylvania Ave. NW (8623-P)


Washington, DC 20460
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From: Randy
To: Armitage, Thomas
Subject: SAB panel for the review of the EPA Water Body Connectivity Report
Date: Monday, April 28, 2014 3:44:36 PM


Thomas – I’m listening in to the meeting via the web and the sound just shut off.
Regards,
Randy Stookey
 
Randy E. Stookey, esq.
Vice President and General Counsel
Kansas Grain and Feed Association
Kansas Agribusiness Retailers Association
Kansas Association of Ethanol Processors
816 SW Tyler, Topeka, Kansas  66612
P: 785.234.0461 | c: 785.220.5211 | f: 785.234.2930
randy@kansasag.org
 
Serving Agribusiness Since 1896.
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From: Connerton, Molly A LRB
To: Armitage, Thomas
Subject: Teleconference Call In information for today"s call and the 5/2 call for the review of the Connectivity Report by


 the SAB
Date: Monday, April 28, 2014 8:26:23 AM


Mr. Armitage:


I work at the USACE HQ's Regulatory (with Meg-Gaffney Smith) and we are interested in participating in the two
 teleconferences for the Science Advisory Board Panel for the Review of the EPA Water Body Connectivity Report.


Could you provide me the teleconference call in information for today's call and the call on 5/2/14?


Thank you!
Molly Connerton
Biologist
Temporary, Regulatory Program Headquarters
U.S. Army Corps of Engineers
441 G Street, NW
Washington,D.C. 20134-1000
Phone: (202)761-4599
email: molly.a.connerton@usace.army.mil
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From: Pat Showalter
To: Armitage, Thomas
Subject: Teleconference today
Date: Friday, May 02, 2014 12:39:30 PM
Attachments: image001.png


Hi Thomas,


Is there still time to take part in this? Join the EPA teleconference for Connectivity of Streams
 and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence on May
 2, 2014. 


If so, please send info needed to connect.  Thanks….
 


PAT SHOWALTER, P.E.
SENIOR PROJECT MANAGER
STREAM STEWARDSHIP UNIT


(408) 630-2939   desk
(408) 892-0526   cell
pshowalter@valleywater.org
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From: Armitage, Thomas
To: adr79@cornell.edu
Subject: Thanks!
Date: Friday, May 02, 2014 5:02:00 PM


Hi Amanda,
 
Thanks for doing wonderful job leading the conference call today.  I think it went very well.
 
Tom



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

mailto:adr79@cornell.edu






From: Amanda D. Rodewald
To: Armitage, Thomas
Subject: Thanks
Date: Friday, May 02, 2014 5:02:57 PM


Hi Tom,


Thanks for the call. I appreciate that. 
Have a great weekend.


Best,
Amanda


Sent from my Verizon Wireless 4G LTE DROID
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From: Armitage, Thomas
To: AO SAB EVERYONE
Subject: The SAB Connectivity Panel is holding a public teleconference today (5/2)
Date: Friday, May 02, 2014 9:13:00 AM


The SAB Connectivity Panel will hold a public teleconference today (May 2nd)  from 1:00 – 5:00 p.m.
  to discuss its draft report.
 
The call-in number for members of the public who want to listen to the teleconference is 1-866-299-
3188, conference code 2023439946# .
 
SAB Panel members and speakers should use the same call-in number but enter the following
 conference code 2023439995#
 
The meeting materials are posted on the SAB website at the following URL:
 
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
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From: Armitage, Thomas
To: AO SAB EVERYONE
Subject: The SAB Connectivity Panel is holding a public teleconferences today (4/28) and Friday (5/2)
Date: Monday, April 28, 2014 10:27:07 AM


The SAB Connectivity Panel will hold public teleconferences today (April 28th)  from 1:00 – 5:00 p.m.
  and Friday (May 2nd)  from 1:00 – 5:00 p.m. to discuss its draft report.
 
The call-in number for members of the public who want to listen to the teleconference is 1-866-299-
3188, conference code 2023439946# .
 
SAB Panel members and those on the list of public speakers should use the same call-in number but
 enter the following conference code 2023439995#
 
The meeting materials are posted on the SAB website at the following URL:
 
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
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From: Armitage, Thomas
To: AO SAB EVERYONE
Subject: The SAB Connectivity Panel is holding a public teleconferences today (4/28) and Friday (5/2)
Date: Monday, April 28, 2014 10:27:00 AM


The SAB Connectivity Panel will hold public teleconferences today (April 28th) from 1:00 – 5:00 p.m.
 and Friday (May 2nd) from 1:00 – 5:00 p.m. to discuss its draft report.
The call-in number for members of the public who want to listen to the teleconference is 1-866-299-
3188, conference code 2023439946# .
SAB Panel members and those on the list of public speakers should use the same call-in number but
 enter the following conference code 2023439995#
The meeting materials are posted on the SAB website at the following URL:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
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From: Armitage, Thomas
To: AO SAB EVERYONE
Subject: The SAB Connectivity Panel is holding a public teleconference today (5/2)
Date: Friday, May 02, 2014 9:13:05 AM


The SAB Connectivity Panel will hold a public teleconference today (May 2nd)  from 1:00 – 5:00 p.m.
  to discuss its draft report.
 
The call-in number for members of the public who want to listen to the teleconference is 1-866-299-
3188, conference code 2023439946# .
 
SAB Panel members and speakers should use the same call-in number but enter the following
 conference code 2023439995#
 
The meeting materials are posted on the SAB website at the following URL:
 
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
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From: Amy Doll
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: Update #2 spreadsheet with docket comments for connectivity panel
Date: Friday, May 02, 2014 8:51:21 AM
Attachments: Update #2_Public Comments Docket EPA-HQ-OA-2013-0582_5_2_14.xlsx


Tom
 
Attached is Update #2, which includes the additional mass mailer comment posted by the docket.
 
Thanks,
 
Amy
 
 
Amy Doll
Senior Associate
EnDyna, Inc.
7926 Jones Branch Drive, Suite 620
McLean, VA 22102
adoll@endyna.com
Tel: 703-848-8842 ext. 121
Fax: 703-848-9001


 


From: Amy Doll 
Sent: Friday, April 25, 2014 1:39 PM
To: 'Armitage, Thomas'
Cc: 'Goodman.Iris@epa.gov'; 'Smita Siddhanti (siddhanti@endyna.com)'
Subject: Revised April 25 spreadsheet with docket comments for connectivity panel
 
Tom
 


Attached is the revised April 25th deliverable with the current docket comments for the connectivity
 panel. 
 
This revised spreadsheet now includes the four additional comments that you had asked the docket
 staff to get posted this afternoon.
 
Please let me know if you have any questions.  
 
Thanks,
 
Amy
 
Amy Doll
Senior Associate
EnDyna, Inc.
7926 Jones Branch Drive, Suite 620
McLean, VA 22102
adoll@endyna.com
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			Update #2: This table contains links to unique comments received by EPA Docket HQ-OA-2013-0582 as of April 18, 2014 in response to a Federal Register Notice (79 FR 18293-18294) announcing upcoming meetings of the SAB Panel for Review of the EPA Water Body Connectivity Report. 
Comments that refer to specific parts of the Panel’s draft report are noted in the table (i.e., to the Executive summary or to responses specific charge questions).


			Unique Docket Number			Commenter(s) Name			Commenter(s) Affiliation			Hot Link (to entire comment)			Executive Summary			Q.1 
Overall Clarity and Technical Accuracy of Draft Report			Q.2 
Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure & Function			Q.3
 Lotic Systems: Ephemeral, Intermittent, & Perennial Streams			Q.4
 Lentic Systems: W&OW with Potential for Non-tidal, Bidirectional
Hydrologic Flows with Rivers & Lakes			Q.5
 Lentic Systems: W&OW with Potential for Unidirectional Hydrologic Flows to Rivers & Lakes, Including “Geographically Isolated Wetlands”			Comments on Scientific Literature (Y=Yes)			Other Comments (X=Yes)





			EPA-HQ-OA-2013-0582-1713			Donald C. Baur and Meredith R. Weinberg			Perkins Coie LLP on behalf of Howard Hughes Corporation et al.			http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OA-2013-0582-1713						X															Y			X


			EPA-HQ-OA-2013-0582-1714			Jerry Dahl, Chairman			Minnesota Rural Counties Caucus (MRCC)			http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OA-2013-0582-1714																								X


			EPA-HQ-OA-2013-0582-1715			S. Cureton						http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OA-2013-0582-1715																								X


			EPA-HQ-OA-2013-0582-1716			S. Cureton						http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OA-2013-0582-1716																								X


			EPA-HQ-OA-2013-0582-1717			Robert Gensemer, Vice President and Senior Ecotoxicologist			GEI Consultants Incorporated on behalf of Waters Advocacy Coalition (WAC)			http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OA-2013-0582-1717						X			X															X


			EPA-HQ-OA-2013-0582-1718			Erik B. Schilling, Senior Research Scientist, Sustainable Forestry and Eastern Wildlife Program			National Council for Air and Stream Improvement (NCASI)			http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OA-2013-0582-1718						X															Y			X


			EPA-HQ-OA-2013-0582-1719			Mass Comment Campaign sponsored by Environment Florida (Email)						http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OA-2013-0582-1719																								X
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From: Amy Doll 
Sent: Friday, April 25, 2014 8:45 AM
To: 'Armitage, Thomas'
Cc: 'Goodman.Iris@epa.gov'; 'Smita Siddhanti (siddhanti@endyna.com)'
Subject: April 25 spreadsheet with docket comments for connectivity panel
 
Tom
 


Attached is the April 25th deliverable with the current docket comments for the connectivity panel. 
 Per our earlier discussions, I have renamed it Update #1.
 
Please let me know if you have any questions.  
 
Thanks,
 
Amy
 
 
Amy Doll
Senior Associate
EnDyna, Inc.
7926 Jones Branch Drive, Suite 620
McLean, VA 22102
adoll@endyna.com
Tel: 703-848-8842 ext. 121
Fax: 703-848-9001


 


From: Amy Doll 
Sent: Friday, April 18, 2014 12:12 PM
To: 'Armitage, Thomas'
Cc: 'Goodman.Iris@epa.gov'; Alisa Fisher (Fisher.Alisa@epa.gov); 'Smita Siddhanti
 (siddhanti@endyna.com)'
Subject: April 18 spreadsheet with docket comments for connectivity panel
 
Tom
 


Attached is the April 18th deliverable with the current docket comments for the connectivity panel. 
 Based on our discussions today, I have replaced the spreadsheet title. 
 
Also per our discussion, the most relevant portions of submission #1713 are in their Appendix A
 (pages 12-14) -- if appropriate you could perhaps consider referring to that Appendix A if there are
 any questions about the spreadsheet entries for submission #1713.
 
Finally, because the docket would not export all the metadata today (seemingly there’s a technical
 glitch) as I explained I have typed in the commenter name and affiliation based on information in
 the #1713 actual submission.
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Please let me know if you have any questions.  
 
Thanks,
 
Amy
 
Amy Doll
Senior Associate
EnDyna, Inc.
7926 Jones Branch Drive, Suite 620
McLean, VA 22102
adoll@endyna.com
Tel: 703-848-8842 ext. 121
Fax: 703-848-9001


 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Friday, April 18, 2014 11:51 AM
To: Amy Doll
Subject: RE: Docket comments for connectivity panel
 
 
Amy,  attached is text for the spreadsheet title.
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Goodman, Iris
To: ljohnson@d.umn.edu; Armitage, Thomas
Subject: Use these instead of Tom A."s directions to SAB staff office
Date: Monday, April 28, 2014 10:16:12 AM


Lucinda,
 
I recommend you take a cab to the Reagan Building and tell him to take you  to 13 ½ Pennsylvania
 Ave., NW  (and, yes, the ½ is in the address).  Have the cab drop you off at the inside corner of  the
 Reagan building, which is straight ahead of you, when the cab makes the turn into 13 ½ Penn Ave,
 NW.
 
Enter the glass doors and go through the first set of security guards.  After you pass through them,
 walk straight ahead about 50 feet – you will see another security guard desk at an entrance labeled
 EPA.  Go to that guard and ask him to call Tom Carpenter (202-564-4885), one of our colleagues
 here.  I will tell the guard to expect you.
 
Tom C. will  come to escort you to our office and to the conference room.   
 
Safe travels.
 
Iris
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From: Armitage, Thomas
To: ellenw@cnr.colostate.edu
Subject: Were you on the SAB connectivity Panel call on April 28th?
Date: Tuesday, April 29, 2014 1:41:00 PM


Hi Ellen,
 
I am submitting time sheets for the SAB Connectivity Panel teleconference that was held yesterday


 (April 28th) and wanted to check to see if you were on the call.  My notes indicate that you were
 not, but I just wanted to make sure.  I also wanted to check to see if you will have time to join the


 Panel’s call on Friday May 2nd .
 
Thanks very much,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Amanda D. Rodewald
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: assignments
Date: Tuesday, May 06, 2014 2:16:26 PM


HI Tom & Iris,
 
I’m following up to see if you have the draft text with assignments for the panel.  With the short
 turnaround, we want to be sure they have them quickly.
 
Thanks!
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
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From: Bennett, Karen C.
To: Armitage, Thomas
Subject: call in information
Date: Monday, April 28, 2014 12:43:22 PM
Attachments: image001.png


Hi Tom
Sorry to bother you with this but I cannot log into the webinar at 1pm on connectivity. The website
 points us to contact you for call in information
Please send access info
Thank you
Karen Bennett


Bio vCard
Karen Bennett 
Counsel 
kbennett@hunton.com 


Hunton & Williams LLP
2200 Pennsylvania Avenue, NW
Washington, DC 20037
Direct: 202.955.1958
Fax: 202.828.3743
www.hunton.com


This communication is confidential and is intended to be privileged pursuant to
 applicable law. If the reader of this message is not the intended recipient, or the
 employee or agent responsible to deliver it to the intended recipient, you are hereby
 notified that any dissemination, distribution or copying of this communication is strictly
 prohibited. If you have received this message in error, please notify Hunton & Williams
 LLP immediately by telephone (877-374-4937) and by electronic mail to:
 help_desk@hunton.com and then delete this message and all copies and backups
 thereof.
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From: Bridget DiCosmo
To: Armitage, Thomas
Subject: call-in info
Date: Monday, April 28, 2014 3:41:22 PM



Hi, Tom, 
I'm listening to the SAB call and I was wondering if I might have the call in info. The audio appears to
 have gone wonky.
Thanks much,


Bridget DiCosmo
Inside EPA
1919 S. Eads St.
Arlington, VA 22202
703-562-8748
bdicosmo@iwpnews.com
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From:  on behalf of Lucinda Johnson
To: Goodman, Iris; Armitage, Thomas; Emily Bernhardt
Subject: conf call logistics
Date: Friday, May 02, 2014 1:32:28 PM


Hi folks;


It is extremely likely that I will not be able to be on the phone by the time "my" sections rolls
 around.  I am in Montreal and need to leave for the airport at 3:45 to make a flight home.


emily--- can you walk folks through our section as a whole?


Thanks


Lucinda
-------
Lucinda B. Johnson
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251


(b) (6)
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From: Amanda D. Rodewald
To: Goodman, Iris; Armitage, Thomas; Rains, Mark (mrains@usf.edu)
Cc: Amanda D. Rodewald
Subject: draft text on metrics
Date: Sunday, May 18, 2014 11:51:14 AM
Attachments: Draft connectivity and metrics 17 may.docx


Good morning folks,
 
I’ve attached the draft text & citations about connectivity metrics.    Please feel free to modify as
 needed. 
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
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 Defining and measuring connectivity


The Draft Report should provide a working definition of connectivity at the beginning of the report by integrating information that appears later in the document.  This definition should recognize that connectivity is, in part, determined by the extent to which the consequences from impacts on one water body will affect physical, chemical, or biological integrity of downgradient waters.  In addition, multiple dimensions of connectivity should be described, notably, as sources and mechanisms of transport and transformation (i.e., fluxes of water, material, biota) and associated ecological functions (e.g., lag, refuge, and transformation) which are manifested along multiple hydrologic flow paths (e.g., via surface water, the hyporheic zone, and groundwater).  The definition should note that these dimensions should be assessed at spatial and temporal scales that permit evaluation of the cumulative effects of connectivity over time and the aggregate effects of connectivity over space.  


The EPA might consider expanding the brief overview of approaches to measure connectivity that is provided on pages 6-6 and 6-7 of the Draft Report.  This expansion would be most useful if it provided examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed methodological and technical advances. 


Examples of approaches to measure connectivity 


Insights from hydrologic systems.  Future efforts to quantify connectivity can be informed by the wide variety of quantitative tools and conceptual models that have been developed to evaluate the connectivity of both surface and subsurface hydrological systems in different settings, including non-floodplain wetlands.  The standard approach involves first characterizing the surface and subsurface elements of landscapes.  Important surface elements include topography, geomorphology, soils, climate, and the amount, distribution and types of surface waters and habitats.  Subsurface elements include geology, geologic structures (faults, fractures zones, karst features), geomorphology, geochemistry, and hydrogeology.  These surface water, groundwater, sediment, biological and chemical components are then integrated to create a flowpath network that describes connectivity (ASTM, 1996; Kolm et al. 1996; Heath, R. C., 1983; Winter et al. 1998).  This approach has been extended to biological connectivity and HGM wetland classifications (e.g., Kolm et al. 1998).   Of course, the approach to quantifying hydrologic connectivity is not identical across systems, and careful attention must be given to identifying the most appropriate techniques (Healy et al. 2007) and metrics (Ali and Roy 2010). 


Other examples can be found in literature related to surface water quantity and quality modeling, (Conaway et al. 2005; Nelson et al. 2003), sediment transport modeling ( Kinzel et al. 1999; McDonald et al. 2005; Nelson et al. 2003), ground water quantity and quality modeling ( Appel and Reilly, 1994; Sun et al. 1994; Cunningham et al. 2011: Parkhurst et al. 2010; Harbaugh 2005), watershed and biological/habitat/landscape modeling (Kinzel et al. 2005; Hunt et al. 2013), and integrated surface water ground water modeling (Markstrom et al. 2008; Ely and Kahle 2012; Huntington and Niswonger, 2012; Woolfenden and Nishikawa 2014).  Other fields also have developed approaches to quantify linkages due to groundwater movement and storage (Heath 1983), including effects of “flood pulses” (Kolm et al. 1998).  Likewise, the role of chemical movement and storage to groundwater systems in floodplains has been quantified by flow and transport modeling (Winter et al. 1998, Markstrom et al. 2008, Woolfen and Nishikawa 2014) as well as with steady-state and transient analyses that simulate temporal changes (Appel and Reilly 1994, Winter et al. 1998, Harbaugh 2005, Conaway and Moran 2004, McDonald et al. 2005, Nelson et al. 2003, Markstrom et al. 2008, Huntington and Niswonger 2012). 








A growing number of studies are using graph-theory based indices of connectivity to better understand aquatic systems.  For example, the Integral Index of Connectivity was successfully used by Van Looy et al. (2013) to quantify habitat availability and connectivity in a dendritic river network across varying spatial scales.   Wainwright et al. (2011) demonstrated how of responses of river systems to vegetation removal, runoff, and erosion were better predicted by measures of functional and structural connectivity.  Recent advances have allowed for better integration of hydrologic and ecological connectivity using the Directional Connectivity Index and connectivity-orientation curves, which effectively quantified physical-biological feedbacks in the Everglades (Larsen et al. 2012).  Malvadkar et al. (2014) recently examined the following metrics drawn from graph theory, including Betweenness Centrality, Integral Index of Connectivity, Coincidence Probability, Eigenvector Centrality, Probability of Connectivity, and Influx Potential.  


[bookmark: _GoBack]Insights from disturbance ecology.  In many respects connectivity can be described using concepts borrowed from disturbance ecology – magnitude, frequency, predictability, and duration (e.g., Poff, et al 1997).  For example, magnitude of discharge is the amount of water moving past a fixed location per unit time.  Frequency of occurrence, which is inversely related to flow magnitude, describes how often a flow exceeding a particular magnitude recurs over a specified time period.  Duration is the time period associated with a specific condition, either in terms of a specific flow event (e.g., number of days inundated by a specific flood event) or over a time period (number of days inundated in a year).


The temporal and spatial predictability of connectivity should be an especially important attribute to quantify when assessing potential for downgradient effects in systems without permanent or continuous flowpaths (e.g., Poff and Ward 1989, Lytle and Poff 2004, Poff et al. 2006). Predictability refers to the regularity at which certain flowpaths occur.  Some mechanisms of connectivity are predictable (e.g., migration of anadromous fish and waterfowl, spring flood pulses and late summer low flows, seasonal peaks of aquatic insect emergence), whereas others are less so (e.g., flood events from storms, short-term and/or stochastic movement of organisms, nutrient spiraling dynamics). Predictable events can profoundly shape systems.  For example, sequential and predictable seasonal flooding and drying events over an annual cycle are formative processes of physical, chemical, and biological attributes of streams in Mediterranean biomes, including parts of the western US (Gasith and Resh 1999). Large seasonal waterfowl migrations can move nutrients, plants (seeds), and invertebrates between wetlands and downgradient waters (e.g., Figuerola et al. 2003, Green et al. 2008). A predictability axis could be folded into the current “gradient of connectivity” framework proposed by the SAB. 


· There are many examples of applying disturbance ecology to streams. The Arid West Water Quality Research project, Habitat Characterization Project commissioned a literature review of studies that used disturbance ecology to describe stream habitat response to flooding (Chadwick Ecological Consultants, Inc., 2000). These, mostly arid West examples, included (references in original report):  	


· Fisher et al. (1982) and Grimm and Fisher (1989) studied periphyton assemblages and the macroinvertebrate community in Sycamore Creek, Arizona


· Bruns and Minckley (1980) reported times to recovery in Aravaipa Creek, Arizona


· Power and Stewart (1987) documented distributional patterns of two algae species with different resistance capabilities to flooding


· Molles (1985) monitored the recovery of a stream invertebrate assemblage from a flash flood on Tesuque Creek, New Mexico


· Cushing and Gaines (1989) investigated recolonization following winter spates in endorheic (surface flow does not leave the basin) cold desert spring-streams in Washington state


· Lamberti et al. (1991) investigated macroinvertebrate densities after a catastrophic flood and debris flow in a Cascade Mountain stream in Oregon


· Scrimgeour et al. (1988) reported density, biomass, and number of taxa recovered 132 days after a severe flood in an unstable New Zealand river


· Meffe (1984) demonstrated persistence in the Sonoran topminnow in Sharp Spring, Arizona.


· Gido et al. (1997) evaluated the variability of fish assemblages in secondary channels of the San Juan River in New Mexico and Utah


· Fausch and Bramblett (1991) & Bramblett and Fausch (1991) described effects of flood disturbance on the fish community in the Purgatorie River and its tributaries in southeastern Colorado 
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EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. 	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on material flows generated by fauna, particularly avian fauna.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,





						








Science Advisory Board (SAB) Draft Report (4/23/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.





Science Advisory Board (SAB) Draft Report (4/23/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.





				





19





NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for Unidirectional Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and “geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birds is important as they spatially integrate these wetlands through their movements. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) a wishy washy statement.... too all inclusive which brings us back to the concept of  "sufficiently long time scale".... what does that mean or imply? 





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc385943123]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There must be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on downstream water quality. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure	Comment by Murphy: (Murphy)  See general comments. Need to provide a conceptual model.


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that the literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, thea conceptual frameworkmodel for ecological connectivity needs to be revised and clearly articulated at the beginning of the Chapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous  physical, hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity, such as the influence of human activities, should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 	Comment by Meyer: (Meyer)  Don’t need this first sentence, which is just a restatement of the charge question written in the lines above it.
	Comment by Duncan: (Patten) this implies that no new important citations are or will be suggested.   Is that so? 	Comment by Murphy: (Murphy)	Comment by Benda: (Benda) Here and in numerous other places in the SAB review document, the need for an improved conceptual framework expressed as continuous (4 dimensional) hydrological, chemical, and biological flowpaths is mentioned. It would be helpful to EPA if the SAB could provide additional guidance (illustrative) on what that conceptual framework might look like. In addition, here and in numerous other places in the SAB review document, the term “hydrological us used. I think that if “hydrological” is to be understood to be all encompassing, then here and at a few other strategic locations in the SAB review document, this should be clarified. 

	Comment by Murphy: (Murphy) We have stated that discontinuity needs to be addressed, too.	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) provide an example of the “commonly used terminology” that we are requesting them to use.
	Comment by Meyer: (Meyer) I read this paragraph as a summary of our recommendations.  If that is the case, then (5) needs to be more complete.   It should be replaced with “5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report.”  Otherwise, without that explicit list, it makes it sound as though we don’t care about those recommendations.






3.2.1.	Defining Connectivity	Comment by Josselyn: (Josselyn) See my recommendation included in the general comments on the draft report.





Because connectivity can be defined in many ways, the Report needs to define and concisely discuss what is meant by “connectivity” at the beginning of Chapter 3. Currently, connectivity is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





Recommendations





· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report, and a discussion included on how the scientific literature was used to establish the degree to which such connectivity was determined to have an effect on downstream water quality.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





3.2.2.	Defining the Scope of the Report	Comment by Josselyn: (Josselyn) See my recommendation on this section in the general comments on the draft report.





The SAB finds that the scope of the Report, with respect to the types of wetlands and water bodies covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various water bodies and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However; however, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of water bodies and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the wetland definition of Cowardin et al. (1979) to describe wetlands, and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. definition of a wetland was used[footnoteRef:4]. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.	Comment by Murphy: (Murphy) I am still not comfortable about using Cowardin et al 1979. The report is attempting to define what water bodies, wetlands or otherwise are included in the WUSA definition. Cowardin was developed to address other regulatory needs. The EPA report needs to develop its own definition.	Comment by Siobhan  F: (Fennessy) An excellent account of our discussion  [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.]  [4: 2 In response to questions from the SAB about the use of the “one parameter” wetland classification, EPA scientists explained that much of the scientific literature does not specify the method used to delineate the wetlands under study. Thus, EPA scientists used the broader ‘one parameter” definition of wetlands to more fully assess the entirety of the available scientific literature.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining what are considered waters and wetlands.	Comment by Sullivan: (Sullivan) And other water bodies?





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as wetlands or other water bodies (see discussion in Section 3.5.2 of this report). The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





· The differences between the wetland and waters definitions used in the Clean Water Act regulations and those used in the Report should be clearly explained. The Report should document, based on the scientific literature, what differences this may have on determining the degree of connectivity between wetlands and waters with downstream water quality.	Comment by Josselyn: (Josselyn) new recommendation.





3.2.3.	Use of a Flowpath Framework	Comment by Murphy: (Murphy) This is a crucial section. The writing needs to be simplified and made more concise. Further, the SAB report needs to write this to provide clear concepts and resultant terminology that consistently inform the entire rest of the discussion. 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and areprimarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 	Comment by Duncan: (Patten) This may be the most critical recommendation of our report.  This framework either demonstrates the connectivity that is important or side steps the often critical but ignored connections. 	Comment by Benda: (Benda) See previous comment about the use of the term “hydrological.”	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) this statement  or the parenthetical part of it should follow  the statement earlier about "highlighting four dimensional nature...."





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of physical, hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., physical= brown, hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (e.g., .. For example, the Ogallala aquifer) underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina. Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling that transitions to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.	Comment by Tank: (Tank) The description of the revision of Figure 1-1 (to be new Figure 3-1?) is somewhat long and a bit confusing. Perhaps it would be more effective if an example of new figure was inserted here? 	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) include  in examples deep  carbonate aquifer cross basin connections such as found in the Great Basin	Comment by Aldous: (Aldous)	Comment by Allan: (Allan) Is reference to the Ogallala aquifer relevant? I thought this was a deep aquifer with relatively little connection to surface water and shallow ground water. If that is so, we are extending our time horizon to very long geological time.	Comment by Allison Aldous: (Aldous)  This section needs specific citations





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains.. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) see above comment. This is important because impacting GW in one basin can effect flows in another including flows of rivers. 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, groundwater, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). In all three block diagrams, bedrock groundwater systems and flowpaths should be included to illustrate subregional/regional connectivity.	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)





Some editorial or technical corrections are needed in the Report to address various omissions, inconsistencies, and errors in the hydrology section, as well as other sections, of the Report. These and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 	Comment by Aldous: (Aldous)





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by (Horton (1945). 	Comment by Murphy: (Murphy) I’m not sure this distinction, which is difficult for non-hydrologists to understand, is important. Just call it Excess Overland Flow and cite the two papers.	Comment by Aldous: (Aldous)





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by (Dunne and Black1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further discuss variable source explain how areas and how theycontributing runoff expand and contract, and therefore changechanging the way that landscapes connect through storms and seasons (Dunne and Black 1970). Variable source areas have particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which are highly variable in space and time. The incomplete discussion of variable source areas is a critical shortcoming of the current version of the Report because it is through variable source areaThe expansion that waters and wetlandsof runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally becomechange the headward extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendationvariability suggests that connectivity be discussed as a continuous phenomenon.within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely and has organized the Report in sections, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscapes are considered to be discrete, it is important to clearly state that; however, the lines delineating these landscape categories are conceptual and/or fluid, i.e., that there areis no fixed bright lines betweenscientific consensus on separating the categories.	Comment by Murphy: (Murphy)	Comment by Harvey: (Harvey) Additional references.	Comment by Meyer: (Meyer) Noting that connectivity should be discussed as a “continuous phenomenon” is different than saying that there is a gradient of connectivity.
	Comment by Murphy: (Murphy)





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996). This document was developed with funding from the EPA and it provides an effective way to characterize groundwater systems in diverse hydrogeological settings; (e.g., Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Aldous: (Aldous)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics.. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among thethese habitats often throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke et al. and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely., thus Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Fausch: (Fausch)	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Murphy: (Murphy)





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.	Comment by Benda: (Benda) The issue of characterizing the strength of connectivity by illustrating it (in words, examples and better yet by diagrams or sketches) for each EPA connectivity component (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could be included in this section.






· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of physical, hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 	Comment by Kolm: (Kolm)





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) important point





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report and, described in the context of connectivity between waters and wetlands and downgradient waters.  and shown to be critical to the biological integrity of these connected waters.





· In presenting this conceptual framework, the Report should also discuss the temporal and spatial significance of the various pathways to downstream water quality.	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





 


3.2.4.	Revising and Defining the Terminology Used in the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms would employ a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire Report. 	Comment by Kolm: (Kolm)
	Comment by Duncan: (Patten) this seems to imply that four dimensional is a biological characteristic ... it is fundamentally a hydrological characteristic on which other phenomenon are connected. At least that is my take on it....	Comment by Allan: (Allan ) See my comments in the general comments on the report. If non-floodplain wetlands is to become the preferred term, I would like to see this section of the SAB report expanded to explain the reasoning





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” which the SAB notes could be connected to downstream waters through subsurface connections. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Harvey: (Harvey)	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Johnson: (Johnson) Duration and extent.	Comment by Duncan: (Patten) or necessarily, hydrological isolation as many "isolated wetlands" have a connection to groundwater flows which eventually connect to larger water bodies.  Also, there is a whole literature on isolated wetlands so why should they drop the term as it is widely used. 





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) and also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact. Although EPA may want to call such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.	Comment by Allan: (Allan) This troubles me given that nowher4e to this point has the SAB review indicated what time scale it is considering (and later in the SAB Review the timeline is extended to thousands of years).	Comment by Benda: (Benda) Although true as a general conceptual principle, I think it needs to be qualified somewhere in the EPA Draft Report that in practical (policy) terms (human time frames, land use pressures, limits of understanding, strength of connection), not everything is connected to everything else (as mentioned by more than one of the public commenters, e.g., “everything is connected to everything else” is not useful, including in the context of recent Supreme Court decisions). It is the responsibility of regulatory agencies, using various measures of strength of connectivity, to determine, out of this general scientific principle, what types of connections need to be protected to maintain healthy aquatic ecosystems.	Comment by Duncan: (Patten) this idea is bothersome. Should we "define" what we mean... for example, the amount of time that a groundwater flow moves across a basin to connect with rivers????





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)





3.2.5.	Layers of Complexity in the Conceptual Framework	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report,





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhancedenhanced by connectivity connectivityand while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the report and explicitly made in the section on unidirectional wetlands. Including Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 	Comment by Duncan: (Patten) is this repetitive? If so, maybe good....	Comment by Fausch: (Fausch)	Comment by Johnson: (Johnson)	Comment by Duncan: (Patten) do we imply here that some waters are truly isolated?   Or is this covered by "relative isolation"?	Comment by Aldous: (Aldous)





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.
	Comment by Allan: (Allan) Might be an opportunity to clarify some important timeframes of freshwater connectivity, such as 100-year floods (while acknowledging that events on even longer time frames, such as debris movements, can be important). I am uncomfortable with an open-ended temporal scale that might appear to embrace very long time scales.





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are long- lived or cumulative. Long -lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure (including connectivity) and function of downgradient waters over the scale of decades. Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki 2007). 





The SAB recommends that the Report compare and contrast the humid eEast and the arid sSouthwest and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitudeare most impacted by frequently recurrent rainfall events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitudeare primarily shaped by lower frequency rainfall events. The latter are nono less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands. This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Fausch: (Fausch)	Comment by Fausch: (Fausch) I do not fully understand the point of this sentence.	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point	Comment by Duncan: (Patten) should give a groundwater example here.... all these are surface examples... groundwater withdrawal can decrease connectivity, for example.   Since we emphasize groundwater connections in the framework, we should give GW examples. 	Comment by Siobhan  F: (Fennessy) Add a final sentence that we recommend the Report incorporate the effects of human alterations on connectivity (to ensure we are clear)






Flow and Transport Forcings and Regionalization	Comment by Sullivan: (Sullivan) I find this subtitle to be a bit awkward





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for states such as Hawaii and Alaska.regions of highly unique ecohydrology. This problem has been identified by a number of public commenters. For example, Alaskan streams and wetlands reflect a climate and solar aspect that is not represented elsewhere and Hawaii is also unlike other part of the US. The arid Southwest experiences a unique combination of climate and geology that conspire to create highly discontinuous flow regimes and riparian ecosystems (RWRD 2008)      The EPA therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004).) or a similar system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.	Comment by Murphy: (Murphy) This sounds like ‘selling.’





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligibleat sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 may make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Duncan: (Patten) surface and groundwater	Comment by Sullivan: (Sullivan) I find sufficient spatial scale to be unclear.	Comment by Johnson: (Johnson) Link this to “integrity” which is an EPA concern.






Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Many sStudies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and planned future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Johnson: (Johnson)	Comment by Siobhan  F: (Fennessy) Is this the word we want?  Perhaps ‘reflects the combination’ or ‘the aggregation’?	Comment by Johnson: (Johnson)





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 	Comment by Duncan: (Patten) why does mapping resolution only apply to streams?  Why not also wetlands and other water related entities? 





It is critical that readers of the Report understand that many databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM.  (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) physical, chemical, and biological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances inin the  technology used for the analysis.	Comment by Johnson: (Johnson)





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.


· The Report could more explicitly mention of the issue of evaluating, measuring and predicting the strength of connectivity and thus the significance of connectivity effects could be included. Each component of the EPA’s Draft Report (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could include discussion covering the issue of strength of connectivity, ideally utilizing a real life example, model simulation or at minimum a conceptualization. 	Comment by Benda: (Benda) additional item.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the agency EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc99930883][bookmark: _Toc260313045]


[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands”. The SAB finds that the focus on hydrologic connections in Section 5.4 and elsewhere does not account for important biological exchanges, not transported stream flow, that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, shallow ground water, deep ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994), especially those that address material flows generated by avian fauna, be added to the Report. Findings from additional literature on theEvidence from the literature on biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are is overwhelming and is particularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Duncan: (Patten) I think this is stretching connectivity... this could connect almost any location. 	Comment by Johnson: (Johnson) Insert references provided by Rob Brooks here





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) this worries me... 





· The literature review should analyze the scientific literature to specifically address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. Geographic differences, especially as it relates to precipitation, should be analyzed. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian/floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 





Similarly the SAB recommends that Figure 1, shown below, be used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). 	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?











Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms. 	Comment by Kolm: (Kolm) Not accurate for all case histories: Terminal salt lakes and playas may also have strong hydrologic connections like we see in Nevada and Death Valley, CA. Recommend deliting the sentence or modifying it to include both end members.

General comment: Each of the case histories presented could use a cross-sectional diagram illustrating the hydrology and connectivity of the features and region. It is difficult for most readers to visualize these descriptions of structure and function. [6:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible based on the scientific literature and provide specific statements on where the literature is lacking or incomplete. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude, short duration floods may infrequently connect non-riparian/non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Sullivan: (Sullivan) It seems like a predictability framework could also vbe helpful in understanding the degree of connectivityoutlined here (e.g., waterfowl migration moves nutrients at high magnitudes at relatively predictable intervals).	Comment by Benda: (Benda) Although mentioned previously in these comments, the issue that all waters are connected over sufficiently long time scales is highlighted again using the scale “thousands of years”. How many thousands of years? 1, 10, 100, 1000?  If the SAB wants to encourage EPA to consider hydrologic-habitat connectivity at these extended time scales, perhaps it should provide some guidance on how to determine the strength of those connections, in the context of policy making which is the ultimate use of the EPA Connectivity Report. The issue of expanded time scales comes up in other areas of the SAB review including under “Recommendations” (Pg. 50, lines 6-7).
	Comment by Allan: (Allan) I feel this seemingly side-steps the issue of degree of connectivity and the gradient comcept.	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 	Comment by Duncan: (Patten) we have this recommendation earlier but does this weaken the connectivity argument as it can be interpreted as geological time (e.g., millennia). 	Comment by Allan: (Allan) Although this statement acknowledges variation in magnitude of connectivity, I think the SAB review should direct the EPA Report towards greater specificity, rather than towards very general statements that provide little guidance on the degree of connectivity. Might this be an opportunity to suggest that, while all systems are connected, the strength of connectivity is affected by many variables and is best decided on a case-by-case basis?





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are likely to be connected to downstream water (in various magnitudes) over sufficiently long time scales., yet the effects of these connections vary widely in magnitude across wetlands.	Comment by Murphy: (Murphy) Without the second clause this is an entirely different recommendation!





· The EPA should assess connectivity in terms of downstream effects, not just in terms of based upon the frequency, magnitude, or and duration of connections.	Comment by Murphy: (Murphy)





· The Report should emphasize that while that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales, such connections may not be relevant if they do not have important effects on downstream water quality. As a result, the Report should access connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 	Comment by Josselyn: (Josselyn) I suggest this to replace the two bullets above..








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013).. The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  In particular, extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts.	Comment by Fausch: (Fausch) Additional text.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways and to describe to the degree possible how connectivity may have been reduced or eliminated by such human disturbances.


[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Duncan: (Patten) for example????  years, decades, centuries... etc. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands (ASTM, 1996; Kolm, et. al, 1996), and can be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the fourfive pathways by which non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 





· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that, as has been done for prior conclusions, the authors remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a	Comment by Johnson: (Johnson) I think we can delete this, and include comments only on the key findings that require changes.





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of these man made wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity can occur between [non-floodplain] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”	Comment by Duncan: (Patten) this statement ultimately connects most wetlands and rivers regardless of proximity or any close geographic locations. 





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).


[bookmark: _Toc48454899][bookmark: _Toc48455011][bookmark: _Toc48455110][bookmark: _Toc48455209][bookmark: _Toc48455308][bookmark: _Toc48466550][bookmark: _Toc48474977]





[bookmark: _Toc58926994][bookmark: _Toc59252313][bookmark: _Toc59347940][bookmark: _Toc59424801][bookmark: _Toc59518096][bookmark: _Toc65285685][bookmark: _Toc71962705][bookmark: _Toc72113664][bookmark: _Toc99930901][bookmark: _Toc260313062][bookmark: _Toc382414078][bookmark: _Toc385943133]REFERENCES





Aitkenhead-Peterson, J.A., W.H. McDowell, and J.C. Neff. 2003. Sources, Production, and Regulation of Allochthonous Dissolved Organic Matter. In Aquatic ecosystems: interactivity of dissolved organic matter inputs to surface waters. S. Findlay and R. L. Sinsabaugh. Academic Press, San Diego, CA. pp.25-61.





Alexander, R.B., J.K. Böhlke, E.W. Boyer, M B. David, J.W. Harvey, P.J. Mulholland, S P. Seitzinger, C.R. Tobias, C. Tonitto, and W.M. Wollheim. 2009. Dynamic modeling of nitrogen losses in river networks unravels the coupled effects of hydrological and biogeochemical processes. Biogeochemistry 93: 91-116.





Alford, J.B., and M.R. Walker. 2013. Managing the flood pulse for optimal fisheries production in the Atchafalaya River Basin, Louisiana (USA). River Research and Applications 29:279-296.





Anderson, C.J., and B.G. Lockaby. 2012. Seasonal patterns of river connectivity and saltwater intrusion in tidal freshwater forested wetlands. River Research and Applications 28:814-826.





Arrigoni, A.S., G.C. Poole, L A. K. Mertes, S J. O'Daniel, W.W. Woessner, and S.A. Thomas. 2008. Buffered, lagged, or cooled? Disentangling hyporheic influences on temperature cycles in stream channels. Water Resources Research. 44:W09418, doi:10.1029/2007WR006480.





ASTM (American Society for Testing and Materials). 1996. Standard Guide for Conceptualization and Characterization of Ground-Water Systems. Designation: D 5979-96 (Reapproved 2002). ASTM International, West Conshohocken, PA. 


Available at: http://www.astm.org/Standards/D5979.htm [accessed February 12, 2014]





Baker, M.A., H.M. Valett, and C.N. Dahm. 2000. Organic carbon supply and metabolism in a near-stream groundwater ecosystem. Ecology 81:3133-3148.





Barkesdale, F., C. Anderson, and L. Kalin. 2013. The influence of watershed runoff on the Hydrology, Forest Floor Litter and slil carbon of headwater wetlands. Ecohydrology 7(2):803-804.





Baxter, C.V., K.D. Fausch, and W.C. Saunders. 2005. Tangled webs: reciprocal flows of invertebrate prey link streams and riparian zones. Freshwater Biology 50:201-220.





Benda, L., and T. Dunne. 1997a. Stochastic forcing of sediment supply to channel networks from landsliding and debris flow. Water Resources Research 33(12): 2849-2863.








Benda, L. E., and T. Dunne. 1997b. Stochastic forcing of sediment routing and storage in channel networks. Water Resources Research 33(12):2865-2880.





Benke, A.C., I. Chaubey, G.M. Ward, and L. Dunn. 2000. Flood pulse dynamics of an unregulated river floodplain in the southeastern U.S. coastal plain. Ecology 81:2730-2741.





Bestgen, K.R.,  J.A. Hawkins, G.C. White, K.D. Christopherson, J. M. Hudson, M.H. Fuller, D.C. Kitcheyan, R. Brunson, P. Badame, G. B. Haines, J.A. Jackson, C.D. Walford, and  T.A. Sorensen. 2007. Population status of Colorado pikeminnow in the Green River Basin, Utah and Colorado. Transactions of the American Fisheries Society 136(5):1356-1380.





Bestgen, K.R., D.W. Beyers, J.A Rice, and G.B. Haines. 2006. Factors affecting recruitment of young Colorado pikeminnow: synthesis of predation experiments, field studies, and individual-based modeling. Transactions of the American Fisheries Society 135:1722-1742.





Beven, K., and P. Germann. 1982. Macropores and water flow in soils. Water Resources Research 18:1311–1325.





Boano, F., R. Revelli, and L. Ridolfi. 2013. Modeling hyporheic exchange with unsteady stream discharge and bedform dynamics. Water Resources Research 49:4089–4099, doi:10.1002/wrcr.20322.





Böhlke, J. K., R.C. Antweiler, J.W. Harvey, A.E. Laursen, L.K. Smith, R.L. Smith, and M.A.Voytek. 2009. Multi-scale measurements and modeling of denitrification in streams with varying flow and nitrate concentration in the upper Mississippi River basin, USA. Biogeochemistry 93:117-141, doi:10.1007/s10533-008-9282-8.





Bottom, D.L., K.K. Jones, R.J. Cornwell, A. Gray, and C.A. Simenstad. 2005. Patterns of Chinook salmon migration and residency in the Salmon River estuary (Oregon). Estuarine, Coastal, and Shelf Science 64:79-93.





Bourg, A.C.M., and C. Bertin. 1993. Biogeochemical processes during the infiltration of river water into an alluvial aquifer. Environmental Science and Technology 27(4): 661-666.





Bracken, L.J., J Wainwright, G.A. Ali, D. Tetzlaff, M.W. Smith, S.M. Reaney, and A.G. Roy. 2013. Concepts of hydrological connectivity: Research approaches, pathways and future agendas. Earth-Science Reviews 119:17-34.





Bridgham, S.D., J.P. Megonigal, J.K. Keller, N.B. Bliss and C. Trettin. 2006. The carbon balance of North American wetlands. Wetlands 26:889-916.





Bridgham, S.D., K. Updegraff and J. Pastor. 2001. A comparison of nutrient availability indices along an ombrotrophic-minerotrophic gradient in Minnesota wetlands. Soil Science Society of America Journal 65:259-269.





 Brooks, B.W., T.M. Riley, and R.D. Taylor. 2006. Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia 556(1):365-379.





Booth, D.B. 1990. Stream-channel incision following drainage-basin urbanization. Journal of the American Water Resources Association 26: 407–417.





Brooks, R.P., C. Snyder, and M.M. Brinson. 2013. Aquatic Landscapes: the importance of integrating waters. In Mid-Atlantic Freshwater Wetlands: Advances in Science, Management, Policy, and Practice. R.P. Brooks and D.H. Wardrop (eds.), 1-37. Springer Science Business Media. 





Buffington, J. M., and D. Tonina.2009. Hyporheic exchange in mountain rivers II: Effects of channel morphology on mechanics, scales, and rates of exchange, Geography Compass 3: doi:10.1111/j.1749-8198.2009.00225.x.





Bull, W.B., and K.M. Scott. 1974. Impact of mining gravel from urban stream beds in the Southwestern United States. Geology 2: 171–174.





Bunn, S.E., M.C. Thoms, S.K. Hamilton, and S.J. Capon. 2006. Flow variability in dryland rivers: Boom, bust and the bits in between. River Research and Applications 22:179-186.





Buresh, R.J, K.R. Reddy and C. van Kessel. 2008. Nitrogen transformations in submerged soils. In Nitrogen in Agricultural Systems. J.C. Schepers and W. R. Raun (eds.) Agronomy Monograph 49, 401-436. American Society of Agronomy, Madison, WI 





Calhoun, A.J.L., and P.G. deMaynadier. 2008. Science and Conservation of Vernal Pools in Northeastern north America.CRC Press. Boca Raton, FL





Cary Institute of Ecosystem Studies. 2014. Baltimore Ecosystem Study. http://www.caryinstitute.org/science-program/research-projects/baltimore-ecosystem-study .


	Accessed April 21, 2014.





Chin, A., and K.J. Gregory. 2001. Urbanization and adjustment of ephemeral stream channels. Annals of the Association of American Geographers 91: 595–608.





Conant, B. Jr., J. A. Cherry, and R. W. Gillham. 2004. A PCE groundwater plume discharging to a river: influence of the streambed and near-river zone on contaminant distributions. Journal of Contaminant Hydrology 73(1-4): 249-279, doi:10.1016/j.jconhyd.2004.04.001.





Constantz, J. 2008. Heat as a tracer to determine streambed water exchanges. Water Resources Research 44:W00D10, doi:10.1029/2008WR006996. 





Cowardin, L.M., V. Carter, F.C. Golet, and E.T. LaRoe. 1979. Classification of Wetlands and Deepwater Habitats of the United States. U.S. Department of the Interior, Fish and Wildlife Service, Office of Biological Services, Washington, DC.





Doyle, M.W., J.M. Harbor, C.F. Rich, and A. Spacie. 2000. Examining the effects of urbanization on streams using indicators of geomorphic stability. Physical Geography 21: 155–181.





Doyle, M.W., E.H. Stanley, and J.M. Harbor. 2003. Hydrogeomorphic controls on phosphorus retention in streams, Water Resources Research 39(6):1147.





Dudley, R.K., and S.P. Platania. 2007. Flow regulation and fragmentation imperil pelagic-spawning riverine fishes. Ecological Applications 17:2074-2086.





Dunne, T., and R.D. Black. 1970. Partial area contributions to storm runoff in a small New England watershed. Water Resources Research 6:1296—1311.





Dunne, T. 1978. Field studies of hillslope flow processes and their significance, in Hillslope Hydrology. M.J. Kirby (ed.) Pp. 227-293, Wiley-Interscience, New York.





Ellis, L.M., C.S. Crawford, and M.C. Molles. 2001. Influence of annual flooding on terrestrial arthropod assemblages of a Rio Grande riparian forest. Regulated Rivers-Research and Management 17:1-20.





Ensign, S. H., M. F. Piehler, M. W. Doyle. 2008. Riparian zone denitrification affects nitrogen flux through a tidal freshwater river. Biogeochemistry, 91:133-150.








Falke, J.A., K.R. Bestgen,. and K.D. Fausch. 2010. Streamflow reductions and habitat drying affect growth, survival, and recruitment of brassy minnow across a Great Plains landscape. TransactionsFrom metapopulations to metacommunities: linking theory with empirical observations of the spatial population dynamics of stream fishes. American Fisheries Society 139:1566-1583Symposium73:207-233.



Faulkner, S. 2004. Urbanization impacts on the structure and function of forested wetlands. Urban Ecosystems 7:89-106.





Fausch, K.D. 2010. A renaissance in stream fish ecology. American Fisheries Society Symposium 73:199-206.





Fennessy, M.S., and J.K. Cronk. 1997. The effectiveness and restoration potential of riparian ecotones for the management of nonpoint source pollution, particularly nitrate. Critical Reviews in Environmental Science and Technology 27:285‑317.





Findlay, S.E.G. 1995. Importance of surface-subsurface exchange in stream ecosystems: the hyporheic zone. Limonolgy and Oceanograpy 40:159-164.





Flecker, A.S., P.B. McIntyre, J.W. Moore, J.T. Anderson, B.W. Taylor, and R.O. Hall. 2010. Migratory fishes as material and process subsidies in riverine ecosystems. American Fisheries Society Symposium 73:559-592.





Fowler, D. 2004. Link land-atmosphere- stream carbon fluxes in a lowland peatland system. Global Biogeochemical Cycles 18:GB1024. DOI: 10Ð1029/2003GB002058








Freeman, C., N. Fenner, N. J. Ostle, H. Kang, D.J. Dowrick, B. Reynolds, M.A. Lock, D. Sleep, S. Hughes and J. Hudson. 2004a. Dissolved organic carbon export from peatlands under elevated carbon dioxide levels. Nature 430:195-198. 





Freeman, C., N.J. Ostle, N. Fenner and H. Kang. 2004b. A regulatory role for phenol oxidase during decomposition in peatlands. Soil Biology and Biochemistry 36:1663-1667. 





Fuller, C.C., and J.W. Harvey. 2000. Reactive uptake of trace metals in the hyporheic zone of a mining-contaminated stream, Pinal Creek, Arizona. Environmental Science and Technology 34(6): 1150-1155.





Galat, David L., L.H. Fredrickson, D.D. Humburg, K.J. Bataille, J.R. Bodie, J. Dohrenwend, G.T. Gelwicks, J.E. Havel, D.L. Helmers, J.B. Hooker, J.R. Jones, M.F. Knowlton, J. Kubisiak, J. Mazourek, A.C. McColpin, R.B. Renken, and R.D. Semlitsch. 1998. Flooding to Restore Connectivity of Regulated, Large-River Wetlands. BioScience 48(9):721-733.





Goodrich, D.C., D.G. Williams, C.L. Unkrich, J.F. Hogan, R.L. Scott, R. L., K.R. Hultine, and S. Miller. 2004. Comparison of methods to estimate ephemeral channel recharge, Walnut Gulch, San Pedro River Basin, Arizona. Water Science and Application 9:77-99.





Graf, W. L. 1988. Fluvial Processes in Dryland Rivers (Vol. 3). Springer, New York.





Graf, W.L. 2006. Downstream hydrologic and geomorphic effects of large dams on American rivers. Geomorphology 79: 336–360.





Granado, D.C., and R. Henry. 2014. Phytoplankton community response to hydrological variations in oxbow lakes with different levels of connection to a tropical river. Hydrobiologia 721:223-238.





Gregory, K.J. 2006. The human role in changing river channels. Geomorphology 79: 172–191.





Gresswell, R.E. 2011. Biology, status, and management of the Yellowstone cutthroat trout. North American Journal of Fisheries Management 31:782-812. 





Groffman, S.C. Hart, J.W. Harvey, C.A. Johnston, E. Mayorga, W.H. McDowell, and G. Pinay. 2003. Biogeochemical Hot Spots and Hot Moments at the Interface of Terrestrial and Aquatic Ecosystems. Ecosystems 6:301-312. DOI: 10.1007/s10021-003-0161-9.





Harvey, J.W., and C.C. Fuller. 1998. Effect of enhanced manganese oxidation in the hyporheic zone on basin-scale geochemical mass balance. Water Resources Research 34(4):623-636.





Harvey, J.W., J.D. Drummond, R.L. Martin, L.E. McPhillips, A.I. Packman, D.J. Jerolmack, S.H. Stonedahl, A. Aubeneau, A.H. Sawyer, L.G. Larsen, and C. Tobias. 2012. Hydrogeomorphology of the hyporheic zone: Stream solute and fine particle interactions with a dynamic streambed. Journal of Geophysical Research – Biogeosciences 117, G00N11, doi:10.1029/2012JG002043.





Harvey, J.W., J.K. Böhlke, M.A. Voytek, D. Scott, and C.R. Tobias. 2013. Hyporheic zone denitrification: Controls on effective reaction depth and contribution to whole-stream mass balance. Water Resources Research 49:6298-6316, doi:10.1002/wrcr.20492.





Heath, R.C. 1983. Basic Ground-Water Hydrology. U.S. Geological Survey Water Supply Paper 2220, U.S. Government Printing Office, Washington, DC.





Heath, R.C. 1984. Ground-Water Regions of the United States. U.S. Geological Survey Water Supply Paper 2242, U.S. Government Printing Office, Washington, DC.





Hedin, L.O., J.C. von Fischer, N.E. Ostrom, B.P. Kennedy, M.G. Brown, Robertson, G.P. 1998. Thermodynamic constraints on nitrogen transformations and other biogeochemical processes at soil-stream interfaces. Ecology 79(2): 684-703.





Hefting, M., J.C. Clement, D. Dowrick, A.C. Cosandey, S. Bernal, C. Cimpian, A. Tatur, T.P. Burt and G. Pinay. 2004. Water table elevation controls on soil nitrogen cycling in riparian wetlands along a European climatic gradient. Biogeochemistry 67:113-134. 





Heiler, G., T. Hein, F. Schiemer, and G. Bornette. 1995. Hydrological connectivity and flood pulses as the central aspects for the integrity of a river-floodplain system. Regulated Rivers-Research and Management 11:351-361.





Helton, A.M., G.C. Poole, J.L. Meyer, W.M. Wollheim, B.J. Peterson, P.J. Mulholland, E.S. Bernhardt, J.A. Stanford, C. Arango, L.R. Ashkenas, L.W. Cooper, W.K. Dodds, S.V. Gregory, R.O. Hall, S.K. Hamilton, S.L. Johnson, W.H. McDowell, J.D. Potter, J.L. Tank, S.M. Thomas, H.M. Valett, J.R. Webster, and L. Zeglin. 2011. Thinking outside the channel: modeling nitrogen cycling in networked river ecosystems. Frontiers in Ecology and the Environment 9(4):229-238, doi:10.1890/080211.





Henson, S.S., D.S. Ahearn, R.A. Dahlgren, E. Van Nieuwenhuyse, K.W. Tate, and W.E. Fleenor. 2007. Water quality response to a pulsed-flow event on the Mokelumne River, California. River Research and Applications 23:185-200.





 Hernandez, M., S. N. Miller, D.C. Goodrich,  B.F. Goff, W.G. Kepner, C.M. Edmonds, and K.B. Jones. 2000. Modeling runoff response to land cover and rainfall spatial variability in semi-arid watersheds. In Monitoring Ecological Condition in the Western United States.S.S. Sandju, B.D. Melzian, E.R. Long, W.G. Whitford, and B.T. Walton (eds.) 285-298. Springer, Netherlands.





Hester, E.T., M.W. Doyle, and G.C. Poole. 2009. The influence of in-stream structures on summer water temperatures via induced hyporheic exchange. Limnology and Oceanography 54(1):355-4 367.





Horner, R., S. Cooke, L. Reinelt, K. Ludwa, N. Chin and M. Valentine. 2001. Effects of watershed development on water quality and soils. In: Wetlands and Urbanization: Implications for the Future, A. Azous and R.Horner (eds.) New York: Lewis Publishers.





Horton, R.E. 1945. Erosional development of streams and their drainage basins; Hydrophysical approach to quantitative morphology. Geological Society of America Bulletin 56:275–370. http://www.astm.org/Standards/D5979.htm [accessed February 12, 2014]





Hudson, P.F., F.T. Heitmuller, and M.B. Leitch. 2012. Hydrologic connectivity of oxbow lakes along the lower Guadalupe River, Texas: The influence of geomorphic and climatic controls on the "flood pulse concept". Journal of Hydrology 414:174-183.





Hudson, P.F., M.A. Sounny-Slittine, and M. LaFevor. 2013. A new longitudinal approach to assess hydrologic connectivity: Embanked floodplain inundation along the lower Mississippi River. Hydrological Processes 27:2187-2196.





IPCC. 2007. Intergovernmental Panel on Climate Change. Fourth Assessment Report: Climate Change 2007 (AR4). Intergovernmental Panel on Climate Change, Geneva, Switzerland. http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_synthesis_report.htm [accessed February 7, 2014]





Izbicki, J.A. 2007. Physical and temporal isolation of mountain headwater streams in the western Mojave Desert, southern California. Journal of the American Water Resources Association 43:26-40.





Johnston, C.Q., N.E. Detenbeck, and G.J. Neimi. 1990. The cumulative effect of wetlands on stream water quality and quantity. A landscape approach. Biogeochemistry 10:105-141.





Karwan, D. L. and J. E. Saiers. 2012. Hyporheic exchange and streambed filtration of suspended particles. Water Resources Research 48, W01519, doi: 10.1029/2011WR011173.





Kim, B. K., A.A.P. Jackman, and F.J. Triska. 1992. Modeling biotic uptake by periphyton and transient hyporrheic storage of nitrate in a natural stream. Water Resources Research 28(10): 2743–11 2752, 36. 





Kim, H., Hemond, H.F., Krumholz, L.R., and Cohen, B.A. 1995. In-situ biodegradation of toluene in a contaminated stream. Part 1. Field studies. Environmental Science and Technology 29(1): 108-116, doi:10.1021/es00001a014.





Kimball, B.A., R.E. Broshears, K.E. Bencala, and D.M. McKnight. 1994. Coupling of hydrologic transport and chemical-reactions in a stream affected by acid-mine drainage. Environmental Science and Technology 28(12):2065-2073.





Koel, T.M., P.E. Bigelow, P.D. Doepke, B.D. Ertel, and D.L. Mahony. 2005. Nonnative lake trout result in Yellowstone cutthroat trout decline and impacts to bears and anglers. Fisheries 30(11):10-19.





Kolm, K.E., P.K.M. van der Heijde, J.S. Downey, J.S, and E.D. Gutentag. 1996. Conceptualization and characterization of ground-water systems. In Ritchey, JD, and Rumbaugh, J.O. (eds.), Subsurface Fluid-Flow (Ground-Water and Vadose Zone) Modeling, ASTM STP 1288, American Society for Testing and Materials, West Conshohocken, PA.





Kolm, K. E., R.M.Harper-Arabie, J.C. and Emerick. 1998. A Stepwise, Integrated Hydrogeomorphic Approach for the Classification of Wetlands and Assessment of Wetland Hydrological and Geochemical function in the Southern Rocky Mountains of Colorado.  Colorado Geologic Survey, Colorado Department of Natural Resources Technical Report, Denver, CO. 241p.





Larsen, L.G., J. Choi, M.K. Nungesser, and J.W. Harvey. 2012. Directional Connectivity in Hydrology and Ecology. Ecological Applications doi: 10.1890/11-1948.1.





Lautz, L., and R. Fanelli.2008. Seasonal biogeochemical hotspots in the streambed around restoration structures. Biogeochemistry 91(1):85–104.





Long Term Ecological Research Network. 2014. Central Arizona Phoenix LTER


	http://www.lternet.edu/sites/cap . Accessed April 21, 2014.





Magana, H.A. 2013. Flood pulse trophic dynamics of larval fishes in a restored arid-land, river-floodplain, Middle Rio Grande, Los Lunas, New Mexico. Reviews in Fish Biology and Fisheries 23:507-521.





Malcolm, A., C. Soulsby, A.F. Youngson, and D.M. Hannah. 2005. Catchment-scale controls on groundwater-surface water interactions in the hyporheic zone: Implications for salmon embryo survival. River Research and Applications 21:977–989.





McClain, M.E,  E.W. Boyer, C.L. Dent, S.E. Gergel, N.B. Grimm, P.M. Groffman, S.C. Hart, J.W. Harvey, C.A. Johnston, E. Mayorga, W.H. McDowell, and G. Pinay. 2003. Biogeochemical Hot Spots and Hot Moments at the Interface of Terrestrial and Aquatic Ecosystems. Ecosystems 6: 301-312. DOI: 10.1007/s10021-003-0161-9.





Meyer, J.L., and J.B. Wallace. 2001. Lost linkages and lotic ecology: Rediscovering small streams. In: Ecology: Achievement and Challenge, eds. M.C. Press, N.J. Huntly, and S. Levin, 295-317. Blackwell Science, Oxford, UK.





Mion, J.B., R.A. Stein, and E.A. Marschall. 1998. River discharge drives survival of larval walleye. Ecological Applications 8:88-103.





Modde, T., R.T. Muth, and G.B. Haines. 2001. Floodplain wetland suitability, access, and potential use by juvenile razorback suckers in the Middle Green River, Utah. Transactions of the American Fisheries Society 130:1095-1105.





Modde, T., Z.H. Bowen, and D.C. Kitcheyan. 2005. Spatial and temporal use of a spawning site in the middle Green River by wild and hatchery-reared razorback suckers. Transactions of the American Fisheries Society 134:937-944.





Naiman, R.J., G. Pinay, C.A. Johnsont, and J. Pastor. 1994. Beaver influences on long term biogeochemical characteristics of boreal forest drainage networks. Ecology 75:905-921.





Nanson, G.C., and J.C. Croke. 1992. A generic classification of floodplains. Geomorphology 4:459-486.





O’Connor, B.L., and J.W. Harvey. 2008. Scaling hyporheic exchange and its influence on biogeochemical reactions in aquatic ecosystems. Water Resources Research 44, W12423, doi:10.1029/2008WR007160.





O’Connor, B.L., M. Hondzo, and J.W. Harvey. 2010. Predictive modeling of transient storage and nutrient uptake. Journal of Hydraulic Engineering 136(12)2010. ISSN 0733-9429/2010/12-1018–1032.





O'Connor, B. L., J.W. Harvey, and L.E. McPhillips. 2012. Thresholds of flow-induced bed disturbances and their effects on stream metabolism in an agricultural river, Water Resources Research 48, W08504, doi:10.1029/2011WR011488. 





Opperman, J. J., R. Luster, B.A. McKenney, M. Roberts, and A.W. Meadows. 2010. Ecologically Functional Floodplains: Connectivity, Flow Regime, and Scale. Journal of the American Water Resources Association 46:211-226.





Osborne, T. Z. 2005. Characterization, Mobility, and Fate of Dissolved Organic Carbon in a Wetland Ecosystem. Ph.D. Dissertation, University of Florida.





Osterkamp, W.R., L.J. Lane, and C.S. Savard. Recharge Estimates Using a Geomorphic/Distributed Parameter Simulation Approach, Amaragosa Rwer Basani. Journal of the American Water Resources Association 30(3):493-507.





Paul, M. and J. Meyer. 2001. Streams in the urban landscape. Annual Review of Ecology and Systematics 32: 333-365.





Poole, G.C., J.A. Stanford, S.W. Running, and C.A. Frissell. 2006. Multiscale geomorphic drivers of groundwater flow paths: subsurface hydrologic dynamics and hyporheic habitat diversity. Journal of the North American Benthological Society 25(2):288-303.





Power, M.E., A. Sun, G. Parker, W.E. Dietrich, and J.T. Wootton. 1995a. Hydraulic food-chain models. BioScience 45:159-167.





Power, M.E., G. Paker, W.E. Dietrich, and A. Sun. 1995b. How does floodplain width affect floodplain river ecology? A preliminary exploration using simulations. Geomorphology 13: 301-317.





Powers, S.M., R. A. Johnson, and E.H. Stanley. 2012. Nutrient Retention and the Problem of Hydrologic Disconnection in Streams and Wetlands. Ecosystems 15:435-449.





Qualls, R.G. and C.J. Richardson. 2003. Factors controlling concentration, export, and decomposition of dissolved organic nutrients in the Everglades of Florida. Biogeochemistry 62:197-229. 





Rains, M.C, R.A. Dahlgren, G.E. Foff, T. Harter, and R.J. Williamson. 2008. Geological control of physical and chemical hydrology in California vernal pools. Wetlands 28:347-362.





Rains, M.C., G.E. Fogg, T. Harter, R.A. Dahlgren, and R.J. Williamson. 2006. The role of perched aquifers in hydrological connectivity and biogeochemical processes in vernal pool landscapes, Central valley, California. Hydrological Processes 20: 1157–1175.





Reddy, K.R., R.G. Wetzel, and R. Kadlec. 2005. Biogeochemistry of Phosphorus in Wetlands. In Phosphorus: Agriculture and the Environment J.T. Sims and A.N. Sharpley (eds.), 263-316. Soil Science Society of America. 





Reddy, K.R., R.H. Kadlec, E. Flaig and P.M. Gale. 1999. Phosphorus retention in streams and wetlands: a review. Critical Reviews in Environmental Science and Technology 29:83-146.


 


Reddy, K.R., S. Newman, T.Z. Osborne, J.R. White, and H.C. Fitz. 2011. Phosphorus cycling in the Everglades ecosystem: Legacy phosphorus implications for management and restoration. Critical Reviews in Environmental Science and Technology 41:149-186.





Rodriguez-Iturbe, I., Vald`es, J., 1979. The geomorphologic structure of hydrologic response. Water Resources Research 15(6):1409–1420.





Rooney, R.C., C. Carli, and S.E. Bayley. 2013. River connectivity affects submerged and floating aquatic vegetation in floodplain wetlands. Wetlands 33:1165-1177.





Roses, T.P., M.L. Davisson, and R.E. Criss, 1996. Isotope hydrology of voluminous cold springs in fractured rock from an active volcanic region, northeastern California. Journal of Hydrology 179:207–236.





Pima County Regional Wastewater Reclamation Project (RWRD). 2002, Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Prepared for the Arid West Water Quality Research Project by CDM, in association with URS Corporation, CEC, Inc., Environmental Planning Group (EPG), and Risk Sciences. Pima County Regional Wastewater Reclamation Department, Tucson, AZ.





Sawyer, A.H., M.B Cardenas, and J. Buttles. 2012. Hyporheic temperature dynamics and heat exchange near channel-spanning logs. Water Resources Research 48, W01529, doi:10.1029/2011WR011200.





Sawyer, A.H., M.B. Cardenas, and J. Buttles. 2011. Hyporheic exchange due to channel-spanning logs. Water Resources Research 47, W08502 





Schick, R.S., and S.T. Lindley. 2007. Directed connectivity among fish populations in a riverine network. Journal of Applied Ecology 44:1116-1126.





Schlosser, IJ, and Angermeier, PL. 1995. Spatial variation in demographic processes of lotic fishes: conceptual models, empirical evidence, and implications for conservation. American Fisheries Society Symposium 17:392—401.





Schramm, H.L., and M.A. Eggleton. 2006. Applicability of the flood-pulse concept in a temperate floodplain river ecosystem: Thermal and temporal components. River Research and Applications 22:543-553.





Schumm, S.A., M.D. Harvey, and C.C. Watson. 1984. Incised Channels: Morphology, Dynamics, and Control. Littleton, CO: Water Resources Publications.





Semlitsch, R.D. 1998. Biological delineation of terrestrial buffer zones for pond-breeding salamanders. Conservation Biology 12:1113-1119.





Semlitsch, R.D. 2000. Principles of management of aquatic-breeding amphibians. Journal of Wildlife Management 64:615-631.





Semlitsch, R.D. Critical elements for biologically based recovery plans of aquatic-breeding amphibians. Conservation Biology16:619-629.





Semlitsch, R.D. and J.R. Bodie. 2003. Biological criteria for buffer zones around wetlands and riparian habitats for amphibians and reptiles. Conservation Biology 17:1219-1228.





Spinola, R.M, T.L. Serfass, and R.P. Brooks. 2008. Survival and post-release movements of river otters translocated to western New York. Northeastern Naturalist 15(1):13-24.





Stonedahl, S.H., J.W. Harvey, A. Wörman, M. Salehin, and A.I. Packman. 2010. A multiscale model for integrating hyporheic exchange from ripples to meanders. Water Resources Research 46, W12539, doi:10 1029/2009WR008865





Strack. M, J., M. Waddington, R.A. Bourbonniere, E.L. Buckton, K. Shaw, P. Whittington, and  J. S. Price. 2008. Effect of water table drawdown on peatland dissolved organic carbon export and dynamics. Hydrological Processes 22:3373-3385.





Stratton, B.T., V. Sridhar, M.M. Gribb, J.P. McNamara, and B. Narasimhan. 2009. Modeling the Spatially Varying Water Balance Processes in a Semiarid Mountainous Watershed of Idaho. Journal of the American Water Resources Association 45(6):1390-1408





Stromberg, J. C. 2001. Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1:17-34.





Sullivan, S.M.P., and A.D. Rodewald. 2012. In a state of flux: The energetic pathways that move contaminants from aquatic to terrestrial environments. Environmental Toxicology and Chemistry 31:1175-1183.





Sullivan, S.M.P., and M. C. Watzin. 2009. Stream-floodplain connectivity and fish assemblage diversity in the Champlain Valley, Vermont, U.S.A. Journal of Fish Biology 74:25.





Sun, R.J., J.B. Weeks, and H.F. Grubb. 1991. Bibliography of Regional Aquifer-System Analysis Program of the U.S. Geological Survey, 1978-91. U.S. Department of the Interior, Washington, DC.





Thorp, J.H., M.C. Thoms, and M.D. Delong. 2006. The riverine ecosystem synthesis: Biocomplexity in river networks across space and time. River Research and Applications 22:123-147.





Tiner, R.W. 2003a. Estimated extent of geographically isolated wetlands in selected areas of the United States. Wetlands 23:636-652.





Tiner, R.W. 2003b. Geographically isolated wetlands of the United States. Wetlands 23:494-516.





Tockner, K., F. Malard, and J.V. Ward. 2000. An extension of the flood pulse concept. Hydrological Processes 14:2861-2883.





Toth, L.A., and A. van der Valk. 2012. Predictability of flood pulse driven assembly rules for restoration of a floodplain plant community. Wetlands Ecology and Management 20:59-75.





USGS. 2014. U.S. Geological Survey National Elevation Dataset. http://ned.usgs.gov/ 





Valett, H.M., M.A. Baker, J.A. Morricew, C.S. Crawford, M.C. Molles, Jr., C.N. Dahm, D.L. Moyer, J.R. Thibault, and L.M. Ellis. 2005. Biogeochemical and metabolic responses to the flood pulse in a semiarid floodplain. Ecology 86:220-234.





VanderKwaak, J.E., and K. Loague. 2001. Huydrologic-response simulations for the R-5 catchment with a comprehensive physics-based model. Water Resources Research 37(4):999-1013.





Verhoeven, J.T.A., B. Arheimer, C.Q. Yin, and M.M. Hefting. 2006. Regional and global concerns over wetlands and water quality. Trends in Ecology and Evolution 21:96-103.





Walker, D.B., C. Goforth, and S. Rector. 2005. An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). EPA Grant Number X-828014-01-01, Publication Number OFR 05-09 Arizona Department of Environmental Quality. Available at http://www.azdeq.gov/environ/water/assessment/download/edw.pdf [Accessed April 17, 2014]





Ward, J.V. 1989. The four-dimensional nature of lotic ecosystems. Journal of the North American Benthological Society 8:2-8.





Wetzel, R.G. 1990. Land-water interfaces: metabolic and limnological regulators. Verhandlungen des Internationalen Verein Limnologie 24:6-24





Wetzel, R.G. 2002. Dissolved organic carbon: detrital energetics, metabolic regulators, and drivers of ecosystem stability of aquatic ecosystems. In Aquatic Ecosystems: Interactivity of Dissolved organic Matter. S. Findlay and R. Sinsabaugh (eds.) 455-474. Academic Press, San Diego, CA





Williams, G.P., and M.G. Wolman. 1984. Downstream effects of dams on alluvial rivers. Professional Paper 1286. Reston, VA: U.S. Geological Survey





Winter, T.C., J.W. Harvey, O.L. Franke, and W.M. Alley. 1998. Ground Water and Surface Water: A Single Resource. US Geological Survey Circular 1139, US Government Printing Office, Washington, DC.





Wipfli, M.S., and C.V. Baxter. 2010. Linking ecosystems, food webs, and fish production: Subsidies in salmonid watersheds. Fisheries35:373-387.





Wohl, E. 2005. Disconnected Rivers: Linking Rivers to Landscapes. New Haven, CT: Yale University Press.





Wolock, D.M., T.C. Winter, and G. McMahon. 2004. Delineation and evaluation of Hydrologic-Landscape Regions in the United States using Geographic Information System tools and multivariate statistical analyses. Environmental Management 34:S71-S8.


 


Zelasko, K.A., K.R. Bestgen, and G.C. White. 2010. Survival rates and movement of hatchery-reared razorback suckers in the upper Colorado River Basin, Utah and Colorado. Transactions of the American Fisheries Society 139:1478-1499.


72





[bookmark: _Toc59424802][bookmark: _Toc59518097][bookmark: _Toc65285686][bookmark: _Toc71962706][bookmark: _Toc72113665][bookmark: _Toc99930902][bookmark: _Toc260313063][bookmark: _Toc382414079][bookmark: _Toc385943134]APPENDIX A:  THE EPA’S CHARGE QUESTIONS











Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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From: Covell, Stephen -FS
To: Armitage, Thomas
Subject: request dial-in instuctions for teleconference today at 1pm Review of the EPA Water Body Connectivity
Date: Friday, May 02, 2014 12:10:39 PM


Thomas:
Please e-mail dial-in connection instructions for today’s call on Review of the EPA Water Body
 Connectivity
Report.
 
Thank you.
V/R
Steve
 
Stephen A. Covell
Biological Scientist
Program Manager USDA Forest Service Pesticides, and
State and Private Forestry Invasive Plants
Forest Health Protection
 
Please note following new addresses
For FedEx and UPS deliveries, our physical address is:
USDA Forest Service (Mailstop # 1110; 3CE)
201 14th St. S.W.
Washington, D.C.  20250
 
For USPS mail, the address is:
USDA Forest Service (Mailstop # 1110)
1400 Independence Ave SW
Washington, D.C.  20250
 
Tel: 703-605-5342
Fax: (202) 205-1174 (new FAX #)
Cell: 571-255-0818
e-mail: scovell@fs.fed.us
website: www.fs.fed.us/foresthealth
 


This electronic message contains information generated by the USDA solely for the intended
 recipients. Any unauthorized interception of this message or the use or disclosure of the
 information it contains may violate the law and subject the violator to civil or criminal
 penalties. If you believe you have received this message in error, please notify the sender and
 delete the email immediately.
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From: Amanda D. Rodewald
To: Duncan Patten
Cc: Armitage, Thomas; Goodman, Iris
Subject: revised Charge Question 1
Date: Sunday, May 18, 2014 7:30:00 PM
Attachments: revised CQ1 ar 5_18.docx


Hi Duncan,
 
I apologize for being so slow with this, but I’ve attached the revised text for our response to Charge
 Question 1.  Please make any changes or suggestions and return to Tom & Iris.  I’ll be out of town &
 at meetings for most of the week, unable to work on it more. 
 
Thanks!  Hope all is well.
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
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Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally thorough and technically accurate. However, the SAB finds that the Report could be improved with additional effort to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review in several key places; (4) provide further detail and clarification of concepts in some parts of the document; and (5) restructure the case studies. 





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding within the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 





Recommendations





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.





· Key points should be clearly stated at the end of each chapter.





· A succinct table summarizing the key findings and level of certainty associated with each could be included in the executive summary.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report uses language that often suggests that connectivity is a binary property – something either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downgradient waters.  Although certain systems, such as headwater streams and tributaries, are known to exhibit a level of connectivity that is ecologically meaningful even at the lower end of the gradient, the frequency, duration, predictability, and magnitude of connectivity will ultimately determine the consequences to downgradient waters.  





Recommendations





· The Report would be strengthened with additional review of the scientific literature that quantifies the frequency, duration, predictability, and magnitude of hydrologic, chemical, and biological connections for each of type of “water” and consequences of that connectivity for the physical, chemical, and biological integrity of downgradient waters, with key uncertainties made explicit.  





· As further discussed in Section 3.8.1 of this response, the SAB recommends that the interpretation of connectivity be revised so as not to sound like a dichtomous, categorical distinction (connected versus not connected) but rather a gradient whereby the consequences to downgradient waters are determined by the frequency, duration, predictability, and magnitude of connections.





· The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downgradient waters (i.e., streams and wetlands considered in “aggregate”) and discuss the spatial and temporal scales at which the functional aggregation should be evaluated.








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and associated regulations and any implications this might have for the conclusions.








3.1.3.	Strengthening the Literature Review





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information must be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The extent to which an exhaustive literature review was performed should be clearly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.





· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.





· The Report could better highlight gaps in our understanding of certain wetland systems and/or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 








3.1.4.	Additional Detail and Clarification of Text Needed in the Report





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. For example, what is the relevant spatial and temporal scale for assessing connectivity in different water systems?  At which scales are wetlands functionally aggregated?  Understanding the spatial and temporal scales at which connectivity affects the physical, chemical, and biological integrity of downgradient waters is central to evaluating and predicting connectivity and its consequences.  The relevant scale of connectivity is probably clarified by conceptually linking to the most important consequences or problems, which likely occur over particular time scales.  Ultimately, these scales determine how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Amanda Rodewald: I’ve not said this well, but I can’t think of another way at the moment.





· The extent to which biological connections among water systems affect the integrity of downgradient waters needs additional attention.  Biological connectivity is especially relevant for birds, mammals, and salamanders, which can be important sources of material transfers to and also critical sources of organisms necessary to support viable populations in downgradient waters.  Biological connectivity should be evaluated across the complete annual and full life cycles, as well as via food web interactions. 





· The necessity of adopting watershed, riverscape, and groundwater basin perspectives to understand connectivity.  Viewing systems as part of these larger basins, riverscapes and watersheds also permits a greater understanding of interactions and feedbacks with floodplain and riparian vegetation, groundwater and subsurface waters, and other surface water features that can ultimately impact downgradient waters.





· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.





· The role of groundwater connections, sediments, and chemical and biological substances/tracers in establishing connectivity of water bodies.	Comment by Amanda Rodewald: I don’t know how to elaborate on this one.  also not sure if I worded it correctly





· Human modifications and the ways that they affect connectivity. Modifications that could affect connectivity in ways that impact downgradient waters can include directly eliminating, restoring, or altering connectivity via roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes).  Certain systems, such as effluent dependent waters, are more closely tied to human modifications than others.   Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature.





· Approaches to assess or measure connectivity.  It would be useful to provide examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed scientific, methodological, and technical advances in order to understand and estimate connectivity.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to illustrate different points along the gradient of connectivity (i.e., less to more connected) and of different types of water bodies, including at least one where intermittent connectivity is important.  The case studies also could be used to compare geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.2.5 of this report, comparisons among geographic regions could be accomplished by using climate, geology, and relief, which vary regionally and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. 





An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices, if deemed necessary. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text.  Each case study could have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies representing a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  





Recommendations





· The EPA should consider distilling case studies into brief summaries constrained to text boxes that provide shorter, clear illustrations of where different systems sit along the gradients of connectivity and also to highlight differences in the ecologically relevant temporal and spatial scales. At the very least, the reader should be able to see how the case studies fit within the conceptual framework.  





· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.








[bookmark: _GoBack]







From: Amanda D. Rodewald
To: Armitage, Thomas; Goodman, Iris
Subject: revised points
Date: Wednesday, April 30, 2014 6:06:17 PM
Attachments: Points Discussed on Connectivity Call_4_28_14_AR.docx


Hi Tom & Iris,
 
Thanks for starting on this.  I’ve added a number of suggestions.  Can you please look at this, edit as
 needed, and send me a clean version for one more quick round of editing by each of us?  It would
 be super if I can have that by early tomorrow morning.  I’ll return quickly and then we can send to
 panel members by early afternoon.  Does that sound ok?
 
So for talking should we plan on 10am?  I’m flexible.
 
Thanks!
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
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Points Discussed on the Connectivity Panel Call on 4/28/14





On Monday, we seemed to reach agreement on how to deal with the key concepts of connectivity, scale (temporal & spatial), and cumulative / aggregate effects.  The main approach is to better lay the foundation of the concepts in the section on conceptual framework and then have each section more specifically talk about functions of connectivity, scales at which it is relevant, and its consequences for the different kinds of water bodies.





Key items to discuss Friday:


· Acceptance of red-line edits in the report


· Prioritize recommendations whenever possible, and identify which recommendations are essential versus less critical improvements.


· Unidirectional/bidirectional.  As a panel, we are still struggling with the most appropriate and clearest way to express the concepts “unidirectional” and “bidirectional”.  After much discussion in December, we agreed that “floodplain waters and wetlands” and “non-floodplain water and wetlands” would be more understandable.  But based on the comments, this needs additional discussion.  


· Add term & discussion of “interrupted stream”?  (Murphy)


· Use “downstream” or “downgradient” throughout?


· Can we better articulate why we recommended that the report better address human alterations – both in terms of how they affect connectivity and in terms of how the concept applies to human-altered or human-created waters?  --- Here we may already agree that each section should include a subsection on human alterations & how they affect connectivity & its effects for the various systems.














In addition to the red-marked changed in the draft:





1.  Overall Clarity and Technical Accuracy of the Draft Report (Section 3.1)











· Section 3.1 should concisely present the high priority recommendations concerning the clarity and technical accuracy of the EPA report.  It should provide overall findings and recommendations in a way that makes their importance clear,, but detailed information should be provided in subsequent chapters.  The response does not need more detail.





· The Where “water quality” is specified in the suggested bullets on Page 8, lines 44 – 46 and, page 9, lines 18 – 29, as well as  may be more specific than needed.  They refer to downstream water quality.  (Kurt Fausch provided the comment, not sure whether a change is needed but you could consider whether they should be revised).





· Tthroughout Section 3.1, where the report refers to water quality it should instead refer to the reference should be to the “physical, chemical, and biological, and chemical integrity of downstream waters”. Section 3.1 should clearly state that the subject of EPA’s Synthesis is to summarize the literature on the “effects of downstream connectivity on the physical, chemical, and biological integrity of downstream waters.” (edit to be incorporated by Chair)





· Some of the recommendations may not be adequately justified (Judy Meyer provided the comment but she was not specific so I don’t think there is an action item unless we get more input).


· The bulleted topics in Section 3.1.4 need additional detail and justification for why they are important.





· We should recommend, but not require, that case studies be distilled into brief summaries in text boxes that provide shorter, clear illustrations of where different systems sit along the gradients of connectivity and also to highlight differences in the ecologically relevant temporal and spatial scales. Jennifer Tank and others indicated that the case studies should all have a box in the main text (this is already recommended on page 11, line 41 but the recommendation could be made stronger).  At the very least, the reader must be able to see how the case studies fit within the conceptual framework.  The authors also should consider adding a case study about forested wetlands, given how important and common they are.





· Some members of the Panel indicated that the Panel’s report should clearly present recommendations for using the case studies in the EPA Report (Several options have been discussed, such as using each case study to describe systems along a connectivity gradient. I don’t think we had agreement on a specific change in the Panel’s report). Some indicated that the case studies should refer to the conceptual model and provide an indication of the frequency, duration, and magnitude of connectivity described in the case. (Lucinda Johnson recommended this.  The change could be incorporated by Chair).





· The recommendations contain many “shoulds.”  (You could offer to look at the recommendations combine some of them.  Possibly, the Panel could be asked to identify any recommendations that are not “shoulds” in the discussion?)





· The Panel’s report recommends that the EPA report be technically improved by careful editing. Mike Josselyn wants to indicate that the EPA report should be substantially revised.  (I did not hear this from others.)Be careful not to suggest that revisions are minor, but that substantive revision in places will improve the clarity and usefulness of the Report.





· Drop text dealing with & recommending more focus on the effects of riparian vegetation (Josselyn)





· Be consistent with terminology throughout the document – avoid using “uni & bi-directional” except in quotations, choose either downstream or downgradient, 


· Avoid using word “significant” loosely; instead refer to the relevance, functionality, or consequences of connectivity at different scales


· 





· Strike the following red-line changes from the draft:





· P. 9, lines 27-28


· P. 10, lines 10 -11 (combine that bullet with previous one)


· P. 11, lines 3-7, synthesize into a single bullet.


· 














2. Defining Connectivity  (Section 3.2.1)





· The EPA report must discuss the various scientific approaches to quantify connectivity and provide suggestions for how to represent a gradient of connectivity.  The best approach is to provide examples (emphasize examples) of the ways that connectivity can be measured, but stop short of recommending specific metrics given that the science is always changing.  Something to consider is the addition of a table that can list examples of metrics, particularly those that are well developed for establishing hydrologic connectivity (e.g., transient analysis).does little to review quantitative metrics on connectivity let alone apply them. (Harvey ).  David Allan commented that this is a huge topic. He noted that It is an omission.  However, he also noted that the task is not to define connectivity but to address it at the end of the spectrum. (I think the action item agreed upon was to include more references on connectivity metrics – see point below.)


· 


· The panel discussed how to include additional information on quantitative metrics.  Some recommended providing a matrix of example metrics.  Others indicated that this would be a problem because the examples in the matrix would have to be discussed.  Some suggested adding an appendix with some literature examples.  (I think Tthe final “decision’ was seemed to not include a matrix but tobe that we  include some literature citations in a paragraph in Section 3.2.1 on metrics of connectivity.  Those who seemed to be most interested in providing this information were: Ken Kolm – for groundwater/surface water modeling studies; Mazeika Sullivan – for relative connectivity; and Mark Murphy for references to probabilistic ecological risk assessment. You could ask others to provide additional citations to be included. Jud Harvey is also assembling a list of references on defining connectivity and will send them.)





· Two views were discussed: a) describing conclusions as ”highly likely” based on the evidence presented in the literature (e.g., the type, amount, quality of studies, and consistency of findings) and communicated by use of probability trees defined over relevant space and time scales; b) stating that the existing literature demonstrates that downstream effects can be measured and assessed. This could be presented using an example matrix (I don’t think anyone has been assigned to do this.).	Comment by Amanda D. Rodewald: I thought that this related to the metrics and quantifying connectivity.





· Recognize that what is most readily quantified is “relative” not “absolute” connectivity.





· Change “water quality” to “physical, chemical, and biological integrity of downstream waters” on page 12, Line 41, page 13, line36,





· Bring Figure 1 to this section and recommend that the EPA made similar figures in each of the sections dealing with different water bodies to better represent gradients of connectivity.





· Discuss the fact that any kind of connectivity that affects the physical, chemical, and biological integrity of downstream waters is relevant/important.  However, acknowledge that there is a level of connectivity at which the functional impact/the consequence on downstream receiving waters is minimal; but this is where assessing the cumulative / aggregate effect becomes critical.





· Link chemical and biological elements to show how they are connected.  (e.g., providing nutrients to the system; impacting biological community through trophic cascades, human health)


· 





· Strike the following red-line changes from the draft:


· P. 13, lines 34-36


· 





3. Spatial and Temporal Scale 





· The Panel discussed the issue of temporal scales of connectivity.  Members thought that this could be further addressed in the subsection in the Panel’s report on Layers of Connectivity (in the Conceptual Framework - section 3.2.5) because there is already a “spatial and temporal” part in this subsection.





· Add literature citations that will help the EPA better address issues related to scale.  Mark Murphy indicated that literature on flow should be cited in this discussion.  (You could ask Mark Murphy to provide references to be included).





· Mark Rains indicated that a discussion of spatial and temporal scale should be included in section 3.2 (the response to charge question 2) in a couple of paragraphs that lay the foundation.   but he indicated that Recommend that each the sectionssection on streams, riparian wetlands, and non floodplain wetlands should also each have a subsection discussingthat discusses  the most relevant spatial and temporal scales at which connectivity is viewed for that system and how scales relate to the impacts; point to a framework and use literature to touch on hydrological, chemical, and biological connectivity and how scale affects those.  Then we could use approach like p. 38.  


· spatial and temporal scale.  (He offered to develop the additional text, along with Mark Murphy, to be included in the charge question 2 response. Dave Allan offered to send in references.  You asked other members to send in references on spatial and temporal connectivity for the three water body types.)





· Start addressing the issue of temporal aspect – write a couple of paragraphs that lay the foundation. Then each section can include a section discussing the most relevant spatial and temporal scales at which connectivity is viewed and how scales relate to the impacts; point to a framework and use literature to touch on hydrological, chemical, and biological connectivity and how scale affects those.  Then we could use approach like p. 38.  Mark – needs some literature sent to him (David Allen sends)





· Recognize that the time scale of connectivity  is probably clarified by linking more to consequences and the impacts – e.g., some impacts are problems/important over any time scale.





· Include examples (via case studies?) where even intermittent connectivity is important.


· 





· Mazeika Sullivan indicated that there was already a subsection in the report on spatial and temporal scale for floodplain waters and wetlands (section 3.5.3 on page 38.)  It was suggested that similar subsections be included in the sections on streams and non-floodplain wetlands. (You indicated that each of the lead writers could develop these new subsections. If this is the assignment, I think it should be mentioned again)





· Members of the Panel suggested moving Figure 1 into the conceptual framework discussion and presenting it in conjunction with Figure 1-1 of the synthesis report (i.e., the watershed/landscape diagram).  (An issue still to be decided is whether the report should present one general figure as an example and include a discussion of how this would change for different water body types, or create new figures describing each of the three water body types.)  





4. Cumulative and aggregate effects.


· Elaborate on how to determine cumulative & aggregate effects – conditional probability tree about the likelihood that downstream waters impacted.  If we are quantifying the cause and effect impacts direct them to consequence models = direct them to the literature.    (Mark Murphy sends)  


· Scale of aggregation –  Ken Kolm – there are some scales at which we can establish absolute connectivity; others where one has to use probabilistic


· Biological connectivity (e.g., avian connectivity) may be especially important within the context of cumulative and additive effects.


· Add literature citations that will help the EPA better address cumulative and aggregate effects.


5. 


6. Other Points Concerning the Conceptual Framework (Section 3.2)





· The responses to each of the charge questions can populate the framework with information specific to different systems.


· 


· Flowpaths and functions corresponding to the revised conceptual framework discussion should be identified (I don’t think anyone got an assignment for this).


· 


· The conceptual framework discussion should present concepts from the literature on disturbance ecology (e.g.,  magnitude, intensity, frequency, and predictability). Predictivity was thought to be especially useful in evaluating downstream effects of connectivity.  (Mark Murphy offered to develop text and a list of references addressing this. You could suggest that he work with Mark Rains to include the changes in Section 3.2).


· 





· Flowpaths and functions corresponding to the revised conceptual framework discussion should be identified (I don’t think anyone got an assignment for this).








Disturbance ecology language is a good model.  Use disturbance ecology literature as a framework for discussing and framing connectivity.


· Distribution, frequency, return interval, rotation period, predictability, area or size, magnitude (intensity and severity)  (White & Pickett).  Examples of figures that could be considered for inclusion (not mandatory).


[image: http://forestry.sfasu.edu/faculty/jstovall/silviculture/images/textbook/disturbance_trend_full.png]


[image: http://www.nature.com/nclimate/journal/v1/n4/images_article/nclimate1143-f5.jpg]





7. Predictability (likelihood) of Downstream Connectivity Effects





· The panel discussed recommending that EPA consider predictability in evaluating the downstream effects of connectivity.  Two views were discussed: a) describing conclusions as ”highly likely” based on the evidence presented in the literature (e.g., the type, amount, quality of studies, and consistency of findings) and communicated by use of probability trees defined over relevant space and time scales; b) stating that the existing literature demonstrates that downstream effects can be measured and assessed. This could be presented using an example matrix (I don’t think anyone has been assigned to do this.).





8. Use of the terms , unidirectional and bidirectional wetlands





· Panel members have indicated that there is a need to clearly state the recommendations regarding the use of the terms, unidirectional and bidirectional wetlands or synonyms. (I think the Panel’s report already does this but there may be some inconsistencies)





9. Iris notes that the Panel has identified the following terms that should be clearly defined in EPA’s Report and the Panel’s Report (I am not sure what the specific assignment is here.  I would like to discuss with you.)


· Connectivity


· Gradient


· Downstream effects


· [bookmark: _GoBack]Ecological flow requirements


· Frequency, magnitude, duration – as broadened to include physical, hydrologic, chemical and biologic characteristics such as life histories for aquatic dependent biota. – this will draw upon disturbance ecology literature.


· Time scale


· Spatial scale


· Aggregate analysis, aggregate effects


· Cumulative analysis, cumulative effects


· Disturbance ecology





10.  Some Other Issues





· Some members (Fausch) stressed that even intermittent connectivity is important.





The Panel discussed whether to retain the discussion of the importance of avian species to connectivity. Some Members noted that it is important to consider this issue in the context of aggregate effects.





In each section:


· The importance of temporal and spatial scales will be introduced in more detail in the conceptual model, but then each section will include its own discussion of the scales that are particularly relevant for those systems.  Follow the example on pg. 38
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From: Amanda D. Rodewald
To: Armitage, Thomas
Subject: section 3.1
Date: Friday, May 16, 2014 4:50:22 PM


Hi Tom,
 
Before I make the changes to section 3.1, I want to be sure that you haven’t already done that.  If I
 don’t hear otherwise from you, I’ll work this weekend on section 3.1 and also the part of Mark’s
 item 6 that I mentioned.
 
Thanks for your help with everything!!
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
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From: Dave Allan
To: Armitage, Thomas; Goodman, Iris; Amanda D. Rodewald
Subject: some thoughts on the April 28 conference call
Date: Thursday, May 01, 2014 2:21:48 PM
Attachments: thoughts on April 28 conference call_Allan.docx


Tom, Amanda, Iris:


my comments are embedded below and attached.  I leave it to your judgment whether to share
 with others.  I hope these comments are helpful - you have a challenging task to get all these
 cats headed in the same direction.


Dave


The gradient of connectivity is largely elucidated through the discussion of spatial and
 temporal scales.  Because of the importance of this issue, and of providing the EPA Draft
 Report with advice on how to discuss the gradient of connectivity, I suggest that the section
 on “Spatial and Temporal Scales (p 19 under Section 3.2.5) be elevated into the connectivity
 framework. In addition, it should be expanded (i.e., it is not simply one of several “layers of
 complexity”).  Some topics that appear elsewhere might be gathered into this section, for
 example the mention of variable source areas (p15-16).


The EPA Report could describe the well-known frequency-magnitude relationship for
 streamflow and floods, ranging from channel over-topping in 2 years out of three, to decadal
 and 100 year floods.  Using the 100-year floodplain as an example could allow EPA to make
 a case for century-scale timelines.  A figure such as Figure 4 in Poff et al. (BioScience, Dec
 1997) or other similar figure could easily convey that events of low frequency but high
 magnitude change the spatial extent of connectivity of surface waters in ways that impact
 ecosystem function.  Reference to the environmental flows literature (A.H. Arthington,
 Environmental Flows, 2012 U California Press) could help to establish the broad basis for
 consideration of the importance of rare and episodic events, again on timescales of decades to
 centuries.  The EPA Report should clarify that use of flood analysis for rivers is illustrative,
 and may apply to wetland connectivity, or not.


Transitions to geomorphology (such as debris flows) and ground water connectivity should
 follow, noting that events occurring on even longer time scales, and connectivity spanning
 even greater areas, may ensure connectivity that would not be apparent from examination of
 surface waters . Careful consideration should be given to whether examples of connectivity
 on the timescale of millennia helps the EPA Report explain connectivity to decision makers.


Overall, the discussion of spatial and temporal scales should be elevated into the discussion of
 the gradient, and care should be taken that the concept of gradient not be submerged beneath
 individual examples that imply extremely long time scales or great spatial extent, but may
 have marginal generality.
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The gradient of connectivity is largely elucidated through the discussion of spatial and temporal scales.  Because of the importance of this issue, and of providing the EPA Draft Report with advice on how to discuss the gradient of connectivity, I suggest that the section on “Spatial and Temporal Scales (p 19 under Section 3.2.5) be elevated into the connectivity framework. In addition, it should be expanded (i.e., it is not simply one of several “layers of complexity”).  Some topics that appear elsewhere might be gathered into this section, for example the mention of variable source areas (p15-16).


The EPA Report could describe the well-known frequency-magnitude relationship for streamflow and floods, ranging from channel over-topping in 2 years out of three, to decadal and 100 year floods.  Using the 100-year floodplain as an example could allow EPA to make a case for century-scale timelines.  A figure such as Figure 4 in Poff et al. (BioScience, Dec 1997) or other similar figure could easily convey that events of low frequency but high magnitude change the spatial extent of connectivity of surface waters in ways that impact ecosystem function.  Reference to the environmental flows literature (A.H. Arthington, Environmental Flows, 2012 U California Press) could help to establish the broad basis for consideration of the importance of rare and episodic events, again on timescales of decades to centuries.  The EPA Report should clarify that use of flood analysis for rivers is illustrative, and may apply to wetland connectivity, or not.


[bookmark: _GoBack]Transitions to geomorphology (such as debris flows) and ground water connectivity should follow, noting that events occurring on even longer time scales, and connectivity spanning even greater areas, may ensure connectivity that would not be apparent from examination of surface waters . Careful consideration should be given to whether examples of connectivity on the timescale of millennia helps the EPA Report explain connectivity to decision makers.


Overall, the discussion of spatial and temporal scales should be elevated into the discussion of the gradient, and care should be taken that the concept of gradient not be submerged beneath individual examples that imply extremely long time scales or great spatial extent, but may have marginal generality.


I appreciate that these are general comments that require committee consideration, and, if found useful, will require some re-drafting.  I am happy to help with this, but also happy to leave any changes in the hands of those assigned to these sections.


David Allan 5/1/2014









I appreciate that these are general comments that require committee consideration, and, if
 found useful, will require some re-drafting.  I am happy to help with this, but also happy to
 leave any changes in the hands of those assigned to these sections.


David Allan 5/1/2014


J. David Allan
Professor, School of Natural Resources & Environment
University of Michigan
Ann Arbor, MI 48109-1041
dallan@umich.edu
ph. 734.764.6553  fax 734.763.8965
http://snre.umich.edu/profile/dallan
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From: Amanda D. Rodewald
To: Armitage, Thomas; Goodman, Iris; Zarba, Christopher
Subject: talk briefly?
Date: Monday, April 28, 2014 5:00:27 PM


`do you want to briefly touch base by phone now?
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
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From: Emma Rosi-Marshall
To: Fausch,Kurt; Armitage, Thomas
Subject: time to meet?
Date: Friday, May 02, 2014 2:22:15 PM


Dear Kurt, 
Can you meet over the phone to work on our section of the SAB report?  I am available on
 Monday before 1pm Eastern time. Are you available? 


Thanks, 
Emma


Emma J. Rosi-Marshall
Associate Scientist
Cary Institute of Ecosystem Studies
2801 Sharon Turnpike AB
Millbrook, NY 12545
845-677-7600 ext 232


http://www.caryinstitute.org/science-program/our-scientists/dr-emma-j-rosi-marshall
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From:  on behalf of Mazeika Sullivan
To: Amanda Rodewald; Armitage, Thomas; Goodman, Iris
Subject: updated pred text
Date: Friday, May 16, 2014 12:13:02 PM
Attachments: Predictability_v3.docx


Hi Amanda - 


I made one minor change to the previous version.


---------------------------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan


(b) (6)



mailto:sullivan.191@osu.edu

mailto:adr79@cornell.edu

mailto:Armitage.Thomas@epa.gov

mailto:Goodman.Iris@epa.gov

mailto:sullivan.191@osu.edu

http://go.osu.edu/mazeikasullivan



[bookmark: _GoBack]Predictability





In addition to continuous scales of frequency, magnitude, and duration, the predictability of connectivity and its downstream effects could also be a valuable metric used to express relative degrees of biological, chemical, and physical connectivity (e.g., Poff and Ward 1989, Lytle and Poff 2004, Poff et al. 2006). Although there are limits to the intrinsic predictability of ecosystems, both temporal and spatial predictability (or lack thereof) exist to varying degrees. For example, sequential and predictable seasonal flooding and drying events over an annual cycle are formative processes of physical, chemical, and biological characteristics of streams in Mediterranean biomes (including parts of western North America) (Gasith and Resh 1999). Large waterfowl migrations, which can move nutrients, plants (seeds), and invertebrates between wetlands and downstream waters across ranges of lateral and spatial connectivity (e.g., Figuerola et al. 2003, Green et al. 2008), also occur with seasonal predictability (Gwinner 1996). Thus, some mechanisms of connectivity are predictable (e.g., migration of anadromous fish and waterfowl, spring flood pulses and late summer low flows, seasonal peaks of aquatic insect emergence, etc.) whereas others are less so (flood events from storms, short-term and/or stochastic movement of organisms, nutrient spiraling dynamics). A predictability axis could be folded into the current “gradient of connectivity” framework proposed by the SAB, which could have particular relevance to the temporal component of connectivity (e.g., flood forecasting, flood frequency-inundation science” regarding findings of waters and wetlands in riparian/floodplain settings (3.6.2). 


[bookmark: _ENREF_3]


Figuerola, J., A. J. Green, and L. Santamaria. 2003. Passive internal transport of aquatic organisms by waterfowl in Doñana, south-west Spain. Global Ecology and Biogeography 12:427-436.


[bookmark: _ENREF_5]Gasith, A., and V.H. Resh. 1999. Streams in Mediteranean climate regions: abiotic influence sna biotic responses to predictable seasonal events. Annual Review of Ecology and Systematics 30:51-81. 


Green, A. J., K. M. Jenkins, D. Bell, P. J. Morris, and R. T. Kingsford. 2008. The potential role of waterbirds in dispersing invertebrates and plants in arid Australia. Freshwater Biology 53:380-392.


Gwinner, E. 1996. Circadian and circannual programmes in avian migration. Journal of Experimental Biology 199:39-48.


Lytle, D.A., and N.L. Poff. 2014. Adaptation to natural flow regimes. Trends in Ecology and Evolution 19: 94-100.


Poff, N.L., B.P. Bledsoe, and C.O. Cuhaciyan. 2006. Hydrologic variation with land use across the contiguous United States: geomorphic and ecological consequences for stream ecosystems. Geomorphology 79: 264-285.


Poff, N.L., and J.V. Ward. 1989. Implications of streamflow variability and predictability for lotic community structure, a regional analysis of streamflow patterns. Canadian Journal of Fisheries and Aquatic Sciences 46: 1805–1818.
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From: Armitage, Thomas
To: Randy
Subject: RE: SAB panel for the review of the EPA Water Body Connectivity Report
Date: Tuesday, April 29, 2014 10:59:00 AM


The webcast was disconnected toward the end of the call. We are looking into the cause. We will be
 making the webcast available again for Friday’s call and offer the call-in number as an alternative if
 there are any problems with webcast.
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Randy [mailto:Randy@kansasag.org] 
Sent: Monday, April 28, 2014 5:31 PM
To: Armitage, Thomas
Subject: RE: SAB panel for the review of the EPA Water Body Connectivity Report
Thanks Thomas – the web connection worked well for a couple hours but then simply cut off and I
 could not get the sound back even though I reconnected to the same site. Did others have the same
 experience? Thank you for the alternate call-in information.
Regards,
Randy Stookey


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Monday, April 28, 2014 4:28 PM
To: Randy
Subject: RE: SAB panel for the review of the EPA Water Body Connectivity Report
I am sorry the web connection did not work well. Please use the following call-in number if you don’t
 want to use the web connection for the call on Friday.
Call in number 1-866-299-3188
Conference code: 2023439946#
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C. 20004


From: Randy [mailto:Randy@kansasag.org] 



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

mailto:Randy@kansasag.org

mailto:Armitage.Thomas@epa.gov

mailto:armitage.thomas@epa.gov

mailto:Randy@kansasag.org





Sent: Monday, April 28, 2014 3:44 PM
To: Armitage, Thomas
Subject: SAB panel for the review of the EPA Water Body Connectivity Report
Thomas – I’m listening in to the meeting via the web and the sound just shut off.
Regards,
Randy Stookey
Randy E. Stookey, esq.
Vice President and General Counsel
Kansas Grain and Feed Association
Kansas Agribusiness Retailers Association
Kansas Association of Ethanol Processors
816 SW Tyler, Topeka, Kansas 66612
P: 785.234.0461 | c: 785.220.5211 | f: 785.234.2930
randy@kansasag.org
Serving Agribusiness Since 1896.



mailto:randy@kansasag.org






From: Armitage, Thomas
To: Mindy Wheeler
Subject: RE: SAB public teleconference regarding Water Body Connectivity REport
Date: Monday, April 28, 2014 9:43:00 AM


Per your request, the call-in number to listen to teleconferences of the Science Advisory Board Panel
 for the Review of the EPA Water Body Connectivity Report on April 28th and May 2nd is 1-866-299-
3188. After dialing the call-in number, please enter the following conference code at the prompt:
 2023439946# .
Please note that this call-in number is for listening only. There is a different call-in number for those
 who have registered to provide oral comments to the Panel.
The audio to listen to these teleconferences will also be streamed live through the internet. The link
 to listen to the teleconferences on the internet is provided on the SAB website at the following URL.
 teleconference. The meeting materials for both teleconferences are also available at the following
 URL.
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C. 20004


From: Mindy Wheeler [mailto:wheelermindy@yahoo.com] 
Sent: Sunday, April 27, 2014 11:27 PM
To: Armitage, Thomas
Subject: SAB public teleconference regarding Water Body Connectivity REport
What do I need to do to join in the teleconference?
Thanks,
Mindy Wheeler
Mindy Wheeler
WP NRC, Inc.
PO Box 520604
SLC, UT 84152
(801) 699-5459
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From: Armitage, Thomas
To: James Sebren
Subject: RE: Surface water gulping
Date: Monday, May 19, 2014 2:56:00 PM


Dear Mr.  Sebren,
 
Thank you for your email.  I will include it in the public comment docket for the EPA Science Advisory
 Board Panel for the Review of the EPA Water Body Connectivity Report.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 
 
From: James Sebren [mailto: ] 
Sent: Wednesday, April 30, 2014 5:31 PM
To: Armitage, Thomas
Subject: Surface water gulping
 


Living in the desert one sees the earths strata and how some aggregate layers would absorb at
 such higher rates one could consider the intake of water as gulping sedimentary layers, sic. 
  That said, then Lidar may find underground water movement,  or some other
 instrumentation.   The results would map out rural drain field pollution sources that then can
 be stopped.   
  What do you think?


(b) (6)












From: Connerton, Molly A LRB
To: Armitage, Thomas
Subject: RE: Teleconference Call In information for today"s call and the 5/2 call for the review of the Connectivity Report


 by the SAB
Date: Tuesday, April 29, 2014 3:13:28 PM


Tom,


Thank you again for the teleconference information.  I think it was mentioned on the call yesterday that meeting
 minutes may be available for participants? 


If so, could you provide those to me?


Thank you again!


Molly Connerton
Biologist
Temporary, Regulatory Program Headquarters
U.S. Army Corps of Engineers
441 G Street, NW
Washington,D.C. 20134-1000
Phone: (202)761-4599
email: molly.a.connerton@usace.army.mil


-----Original Message-----
From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov]
Sent: Monday, April 28, 2014 9:42 AM
To: Connerton, Molly A LRB
Subject: [EXTERNAL] RE: Teleconference Call In information for today's call and the 5/2 call for the review of the
 Connectivity Report by the SAB


Per your request, the call-in number to listen to teleconferences of the Science Advisory Board Panel for the Review
 of the EPA Water Body Connectivity Report on April 28th and May 2nd is 1-866-299-3188.  After dialing the call-
in number, please enter the following conference code at the prompt: 2023439946# . 


Please note that this call-in number is for listening only.  There is a different call-in number for those who have
 registered to provide oral comments to the Panel. 


The audio to listen to these teleconferences will also be streamed live through the internet. The link to listen to the
 teleconferences on the internet is provided on the SAB website at the following URL. teleconference. The meeting
 materials for both teleconferences are also available at the following URL.


http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?OpenDocument


Tom Armitage


**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
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armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004


-----Original Message-----
From: Connerton, Molly A LRB [mailto:Molly.A.Connerton@usace.army.mil]
Sent: Monday, April 28, 2014 8:26 AM
To: Armitage, Thomas
Subject: Teleconference Call In information for today's call and the 5/2 call for the review of the Connectivity
 Report by the SAB


Mr. Armitage:


I work at the USACE HQ's Regulatory (with Meg-Gaffney Smith) and we are interested in participating in the two
 teleconferences for the Science Advisory Board Panel for the Review of the EPA Water Body Connectivity Report.


Could you provide me the teleconference call in information for today's call and the call on 5/2/14?


Thank you!
Molly Connerton
Biologist
Temporary, Regulatory Program Headquarters U.S. Army Corps of Engineers
441 G Street, NW
Washington,D.C. 20134-1000
Phone: (202)761-4599
email: molly.a.connerton@usace.army.mil
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From: Armitage, Thomas
To: Connerton, Molly A LRB
Subject: RE: Teleconference Call In information for today"s call and the 5/2 call for the review of the Connectivity Report


 by the SAB
Date: Monday, April 28, 2014 9:41:00 AM


Per your request, the call-in number to listen to teleconferences of the Science Advisory Board Panel for the Review
 of the EPA Water Body Connectivity Report on April 28th and May 2nd is 1-866-299-3188.  After dialing the call-
in number, please enter the following conference code at the prompt: 2023439946# . 


Please note that this call-in number is for listening only.  There is a different call-in number for those who have
 registered to provide oral comments to the Panel. 


The audio to listen to these teleconferences will also be streamed live through the internet. The link to listen to the
 teleconferences on the internet is provided on the SAB website at the following URL. teleconference. The meeting
 materials for both teleconferences are also available at the following URL.


http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?OpenDocument


Tom Armitage


**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004


-----Original Message-----
From: Connerton, Molly A LRB [mailto:Molly.A.Connerton@usace.army.mil]
Sent: Monday, April 28, 2014 8:26 AM
To: Armitage, Thomas
Subject: Teleconference Call In information for today's call and the 5/2 call for the review of the Connectivity
 Report by the SAB


Mr. Armitage:


I work at the USACE HQ's Regulatory (with Meg-Gaffney Smith) and we are interested in participating in the two
 teleconferences for the Science Advisory Board Panel for the Review of the EPA Water Body Connectivity Report.


Could you provide me the teleconference call in information for today's call and the call on 5/2/14?


Thank you!
Molly Connerton
Biologist
Temporary, Regulatory Program Headquarters U.S. Army Corps of Engineers
441 G Street, NW
Washington,D.C. 20134-1000
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Phone: (202)761-4599
email: molly.a.connerton@usace.army.mil








From: Armitage, Thomas
To: Connerton, Molly A LRB
Subject: RE: Teleconference Call In information for today"s call and the 5/2 call for the review of the Connectivity Report


 by the SAB
Date: Tuesday, April 29, 2014 4:55:00 PM


Molly,


Meeting minutes of the teleconferences will be prepared and they will be posted on the SAB website when they are
 certified by the panel chair.


Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004


-----Original Message-----
From: Connerton, Molly A LRB [mailto:Molly.A.Connerton@usace.army.mil]
Sent: Tuesday, April 29, 2014 3:13 PM
To: Armitage, Thomas
Subject: RE: Teleconference Call In information for today's call and the 5/2 call for the review of the Connectivity
 Report by the SAB


Tom,


Thank you again for the teleconference information.  I think it was mentioned on the call yesterday that meeting
 minutes may be available for participants? 


If so, could you provide those to me?


Thank you again!


Molly Connerton
Biologist
Temporary, Regulatory Program Headquarters U.S. Army Corps of Engineers
441 G Street, NW
Washington,D.C. 20134-1000
Phone: (202)761-4599
email: molly.a.connerton@usace.army.mil


-----Original Message-----
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From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov]
Sent: Monday, April 28, 2014 9:42 AM
To: Connerton, Molly A LRB
Subject: [EXTERNAL] RE: Teleconference Call In information for today's call and the 5/2 call for the review of the
 Connectivity Report by the SAB


Per your request, the call-in number to listen to teleconferences of the Science Advisory Board Panel for the Review
 of the EPA Water Body Connectivity Report on April 28th and May 2nd is 1-866-299-3188.  After dialing the call-
in number, please enter the following conference code at the prompt: 2023439946# . 


Please note that this call-in number is for listening only.  There is a different call-in number for those who have
 registered to provide oral comments to the Panel. 


The audio to listen to these teleconferences will also be streamed live through the internet. The link to listen to the
 teleconferences on the internet is provided on the SAB website at the following URL. teleconference. The meeting
 materials for both teleconferences are also available at the following URL.


http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?OpenDocument


Tom Armitage


**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004


-----Original Message-----
From: Connerton, Molly A LRB [mailto:Molly.A.Connerton@usace.army.mil]
Sent: Monday, April 28, 2014 8:26 AM
To: Armitage, Thomas
Subject: Teleconference Call In information for today's call and the 5/2 call for the review of the Connectivity
 Report by the SAB


Mr. Armitage:


I work at the USACE HQ's Regulatory (with Meg-Gaffney Smith) and we are interested in participating in the two
 teleconferences for the Science Advisory Board Panel for the Review of the EPA Water Body Connectivity Report.


Could you provide me the teleconference call in information for today's call and the call on 5/2/14?


Thank you!
Molly Connerton
Biologist
Temporary, Regulatory Program Headquarters U.S. Army Corps of Engineers
441 G Street, NW
Washington,D.C. 20134-1000
Phone: (202)761-4599
email: molly.a.connerton@usace.army.mil
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From: Armitage, Thomas
To: Pat Showalter
Subject: RE: Teleconference today
Date: Friday, May 02, 2014 12:42:00 PM
Attachments: image001.png


Per your request, the call-in number to listen to teleconferences of the Science Advisory Board Panel
 for the Review of the EPA Water Body Connectivity Report on May 2nd is 1-866-299-3188. After
 dialing the call-in number, please enter the following conference code at the prompt: 2023439946#
 .
Please note that this call-in number is for listening only.
The audio to listen to these teleconferences will also be streamed live through the internet. The link
 to listen to the teleconferences on the internet is provided on the SAB website at the following URL.
 The meeting materials for the teleconference are also available at the following URL.
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/338DEF2F7262A7F485257C7C0060851D?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C. 20004


From: Pat Showalter [mailto:pshowalter@valleywater.org] 
Sent: Friday, May 02, 2014 12:39 PM
To: Armitage, Thomas
Subject: Teleconference today
Hi Thomas,


Is there still time to take part in this? Join the EPA teleconference for Connectivity of Streams
 and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence on May
 2, 2014.


If so, please send info needed to connect. Thanks….
PAT SHOWALTER, P.E.
SENIOR PROJECT MANAGER
STREAM STEWARDSHIP UNIT


(408) 630-2939 desk
(408) 892-0526 cell
pshowalter@valleywater.org



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

mailto:pshowalter@valleywater.org

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/338DEF2F7262A7F485257C7C0060851D?OpenDocument

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/338DEF2F7262A7F485257C7C0060851D?OpenDocument

mailto:armitage.thomas@epa.gov

mailto:ebaker@valleywater.org












From: Armitage, Thomas
To: Amy Doll
Cc: Goodman, Iris
Subject: RE: Update #2 spreadsheet with docket comments for connectivity panel
Date: Friday, May 02, 2014 9:13:00 AM


Thank you Amy.
 


From: Amy Doll [mailto:adoll@endyna.com] 
Sent: Friday, May 02, 2014 8:51 AM
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: Update #2 spreadsheet with docket comments for connectivity panel
 
Tom
 
Attached is Update #2, which includes the additional mass mailer comment posted by the docket.
 
Thanks,
 
Amy
 
 
Amy Doll
Senior Associate
EnDyna, Inc.
7926 Jones Branch Drive, Suite 620
McLean, VA 22102
adoll@endyna.com
Tel: 703-848-8842 ext. 121
Fax: 703-848-9001


 


From: Amy Doll 
Sent: Friday, April 25, 2014 1:39 PM
To: 'Armitage, Thomas'
Cc: 'Goodman.Iris@epa.gov'; 'Smita Siddhanti (siddhanti@endyna.com)'
Subject: Revised April 25 spreadsheet with docket comments for connectivity panel
 
Tom
 


Attached is the revised April 25th deliverable with the current docket comments for the connectivity
 panel. 
 
This revised spreadsheet now includes the four additional comments that you had asked the docket
 staff to get posted this afternoon.
 
Please let me know if you have any questions.  
 
Thanks,



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

mailto:adoll@endyna.com

mailto:Goodman.Iris@epa.gov

mailto:adoll@endyna.com

mailto:siddhanti@endyna.com





 
Amy
 
Amy Doll
Senior Associate
EnDyna, Inc.
7926 Jones Branch Drive, Suite 620
McLean, VA 22102
adoll@endyna.com
Tel: 703-848-8842 ext. 121
Fax: 703-848-9001


 


From: Amy Doll 
Sent: Friday, April 25, 2014 8:45 AM
To: 'Armitage, Thomas'
Cc: 'Goodman.Iris@epa.gov'; 'Smita Siddhanti (siddhanti@endyna.com)'
Subject: April 25 spreadsheet with docket comments for connectivity panel
 
Tom
 


Attached is the April 25th deliverable with the current docket comments for the connectivity panel. 
 Per our earlier discussions, I have renamed it Update #1.
 
Please let me know if you have any questions.  
 
Thanks,
 
Amy
 
 
Amy Doll
Senior Associate
EnDyna, Inc.
7926 Jones Branch Drive, Suite 620
McLean, VA 22102
adoll@endyna.com
Tel: 703-848-8842 ext. 121
Fax: 703-848-9001


 


From: Amy Doll 
Sent: Friday, April 18, 2014 12:12 PM
To: 'Armitage, Thomas'
Cc: 'Goodman.Iris@epa.gov'; Alisa Fisher (Fisher.Alisa@epa.gov); 'Smita Siddhanti
 (siddhanti@endyna.com)'
Subject: April 18 spreadsheet with docket comments for connectivity panel
 
Tom
 


Attached is the April 18th deliverable with the current docket comments for the connectivity panel. 
 Based on our discussions today, I have replaced the spreadsheet title. 
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Also per our discussion, the most relevant portions of submission #1713 are in their Appendix A
 (pages 12-14) -- if appropriate you could perhaps consider referring to that Appendix A if there are
 any questions about the spreadsheet entries for submission #1713.
 
Finally, because the docket would not export all the metadata today (seemingly there’s a technical
 glitch) as I explained I have typed in the commenter name and affiliation based on information in
 the #1713 actual submission.
 
Please let me know if you have any questions.  
 
Thanks,
 
Amy
 
Amy Doll
Senior Associate
EnDyna, Inc.
7926 Jones Branch Drive, Suite 620
McLean, VA 22102
adoll@endyna.com
Tel: 703-848-8842 ext. 121
Fax: 703-848-9001


 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Friday, April 18, 2014 11:51 AM
To: Amy Doll
Subject: RE: Docket comments for connectivity panel
 
 
Amy,  attached is text for the spreadsheet title.
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: Frithsen, Jeff
Subject: RE: WOUS: SAB teleconference
Date: Monday, April 28, 2014 9:17:00 AM


I will be calling in from my office and you could come here.  I think Chris will be on the call in his
 office you may want to join him there. 
 
Tom


From: Frithsen, Jeff 
Sent: Sunday, April 27, 2014 11:04 PM
To: Armitage, Thomas
Subject: WOUS: SAB teleconference
 
Tom:
 
Will you be in your SAB office for the WOUS teleconference tomorrow?   May I join you there?    I
 will need to leave at 1:50 for a briefing, but expect to be back at 3:00.
 
I plan to make a few comments at the start of the SAB meeting, at the time designated.
 
Jeff
 
 
Jeffrey B. Frithsen, Ph.D.
National Center for Environmental Assessment
Office of Research and Development
U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, SW (8623-P)
Washington, DC 20460
703-347-8623 (office phone), 410-336-8535 (cell phone)
 
Physical Office Address/Overnight Deliveries
Two Potomac Yard (North Building), Room N-7741
2733 South Crystal Drive, Arlington, VA 22202
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From: Frithsen, Jeff
To: Armitage, Thomas
Subject: RE: WOUS: SAB teleconference
Date: Monday, April 28, 2014 9:18:51 AM


Laurie will be on the phone from home.   See you at 1:00.
 
Jeff
 
 
Jeff Frithsen
USEPA-ORD-NCEA
703-347-8623 (office phone); 410-336-8535 (cell phone)


 


From: Armitage, Thomas 
Sent: Monday, April 28, 2014 9:18 AM
To: Frithsen, Jeff
Subject: RE: WOUS: SAB teleconference
 
I will be calling in from my office and you could come here.  I think Chris will be on the call in his
 office you may want to join him there. 
 
Tom


From: Frithsen, Jeff 
Sent: Sunday, April 27, 2014 11:04 PM
To: Armitage, Thomas
Subject: WOUS: SAB teleconference
 
Tom:
 
Will you be in your SAB office for the WOUS teleconference tomorrow?   May I join you there?    I
 will need to leave at 1:50 for a briefing, but expect to be back at 3:00.
 
I plan to make a few comments at the start of the SAB meeting, at the time designated.
 
Jeff
 
 
Jeffrey B. Frithsen, Ph.D.
National Center for Environmental Assessment
Office of Research and Development
U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, SW (8623-P)
Washington, DC 20460
703-347-8623 (office phone), 410-336-8535 (cell phone)
 
Physical Office Address/Overnight Deliveries
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Two Potomac Yard (North Building), Room N-7741
2733 South Crystal Drive, Arlington, VA 22202


 








From: Armitage, Thomas
To: Wohl,Ellen
Subject: RE: Were you on the SAB connectivity Panel call on April 28th?
Date: Tuesday, April 29, 2014 2:05:00 PM


Thanks Ellen, I am sorry we could not hold the calls when you were available. I will send you the next
 draft of the Panel’s report for review.
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Wohl,Ellen [mailto:Ellen.Wohl@colostate.edu] 
Sent: Tuesday, April 29, 2014 2:01 PM
To: Armitage, Thomas
Subject: RE: Were you on the SAB connectivity Panel call on April 28th?
Hi Tom
I thought I had let you know that I wouldn’t be able to participate in either call – my apologies if I
 neglected to do so.
I had a graduate advisee defending her thesis yesterday, and will be traveling on Friday.


Ellen


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Tuesday, April 29, 2014 11:42 AM
To: ellenw@cnr.colostate.edu
Subject: Were you on the SAB connectivity Panel call on April 28th?
Hi Ellen,
I am submitting time sheets for the SAB Connectivity Panel teleconference that was held yesterday


 (April 28th) and wanted to check to see if you were on the call. My notes indicate that you were not,
 but I just wanted to make sure. I also wanted to check to see if you will have time to join the Panel’s


 call on Friday May 2nd .
Thanks very much,
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
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Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C. 20004








From: Wohl,Ellen
To: Armitage, Thomas
Subject: RE: Were you on the SAB connectivity Panel call on April 28th?
Date: Tuesday, April 29, 2014 2:00:46 PM


Hi Tom
 
I thought I had let you know that I wouldn’t be able to participate in either call – my apologies if I
 neglected to do so.
I had a graduate advisee defending her thesis yesterday, and will be traveling on Friday.


Ellen
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Tuesday, April 29, 2014 11:42 AM
To: ellenw@cnr.colostate.edu
Subject: Were you on the SAB connectivity Panel call on April 28th?
 
Hi Ellen,
 
I am submitting time sheets for the SAB Connectivity Panel teleconference that was held yesterday


 (April 28th) and wanted to check to see if you were on the call.  My notes indicate that you were
 not, but I just wanted to make sure.  I also wanted to check to see if you will have time to join the


 Panel’s call on Friday May 2nd .
 
Thanks very much,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Wohl,Ellen
To: Armitage, Thomas
Subject: RE: Were you on the SAB connectivity Panel call on April 28th?
Date: Tuesday, April 29, 2014 2:17:46 PM


Thank you
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Tuesday, April 29, 2014 12:06 PM
To: Wohl,Ellen
Subject: RE: Were you on the SAB connectivity Panel call on April 28th?
 
Thanks Ellen,  I am sorry we could not hold the calls when you were available.  I will send you the
 next draft of the Panel’s report for review.
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Wohl,Ellen [mailto:Ellen.Wohl@colostate.edu] 
Sent: Tuesday, April 29, 2014 2:01 PM
To: Armitage, Thomas
Subject: RE: Were you on the SAB connectivity Panel call on April 28th?
 
Hi Tom
 
I thought I had let you know that I wouldn’t be able to participate in either call – my apologies if I
 neglected to do so.
I had a graduate advisee defending her thesis yesterday, and will be traveling on Friday.


Ellen
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Tuesday, April 29, 2014 11:42 AM
To: ellenw@cnr.colostate.edu
Subject: Were you on the SAB connectivity Panel call on April 28th?
 
Hi Ellen,
 
I am submitting time sheets for the SAB Connectivity Panel teleconference that was held yesterday
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 (April 28th) and wanted to check to see if you were on the call.  My notes indicate that you were
 not, but I just wanted to make sure.  I also wanted to check to see if you will have time to join the


 Panel’s call on Friday May 2nd .
 
Thanks very much,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: Amanda D. Rodewald
Cc: Goodman, Iris
Subject: RE: assignments
Date: Tuesday, May 06, 2014 3:07:00 PM


Amanda,
Per our phone conversation, I will send you the assignments for review tomorrow.
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Tuesday, May 06, 2014 2:16 PM
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: assignments
 
HI Tom & Iris,
 
I’m following up to see if you have the draft text with assignments for the panel.  With the short
 turnaround, we want to be sure they have them quickly.
 
Thanks!
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
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From: Armitage, Thomas
To: Bennett, Karen C.
Subject: RE: call in information
Date: Monday, April 28, 2014 12:51:00 PM
Attachments: image001.png


Call in number 1-866-299-3188
Conference code: 2023439946#


From: Bennett, Karen C. [mailto:kbennett@hunton.com] 
Sent: Monday, April 28, 2014 12:43 PM
To: Armitage, Thomas
Subject: call in information
Hi Tom
Sorry to bother you with this but I cannot log into the webinar at 1pm on connectivity. The website
 points us to contact you for call in information
Please send access info
Thank you
Karen Bennett


Bio vCard
Karen Bennett 
Counsel 
kbennett@hunton.com 


Hunton & Williams LLP
2200 Pennsylvania Avenue, NW
Washington, DC 20037
Direct: 202.955.1958
Fax: 202.828.3743
www.hunton.com


This communication is confidential and is intended to be privileged pursuant to
 applicable law. If the reader of this message is not the intended recipient, or the
 employee or agent responsible to deliver it to the intended recipient, you are
 hereby notified that any dissemination, distribution or copying of this
 communication is strictly prohibited. If you have received this message in error,
 please notify Hunton & Williams LLP immediately by telephone (877-374-4937)
 and by electronic mail to: help_desk@hunton.com and then delete this
 message and all copies and backups thereof.
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From: Armitage, Thomas
To: "Bridget DiCosmo"
Subject: RE: call-in info
Date: Monday, April 28, 2014 5:25:00 PM


I am sorry the web connection did not work well.  Please use the following call-in number if you
 don’t want to use the web connection for the call on Friday.
 
Call in number 1-866-299-3188
 
Conference code: 2023439946#
 
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 
 
 


From: Bridget DiCosmo [mailto:bdicosmo@iwpnews.com] 
Sent: Monday, April 28, 2014 3:41 PM
To: Armitage, Thomas
Subject: call-in info
 
Hi, Tom, 
I'm listening to the SAB call and I was wondering if I might have the call in info. The audio appears to
 have gone wonky.
Thanks much,


Bridget DiCosmo
Inside EPA
1919 S. Eads St.
Arlington, VA 22202
703-562-8748
bdicosmo@iwpnews.com
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From: Amanda D. Rodewald
To: Dave Allan
Cc: Armitage, Thomas; Goodman, Iris; Rains, Mark (mrains@usf.edu)
Subject: RE: example
Date: Friday, May 02, 2014 12:25:57 PM
Attachments: removed.txt


Thanks, Dave.  I doubt we’ll have the time to discuss it today, but I thought I’d share as individuals
 consider the topic.
 
Best,
a
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 
From: Dave Allan [mailto:dallan@umich.edu] 
Sent: Friday, May 02, 2014 12:22 PM
To: Amanda D. Rodewald
Cc: Armitage, Thomas (Armitage.Thomas@epa.gov); Goodman, Iris (Goodman.Iris@epa.gov); Rains,
 Mark (mrains@usf.edu)
Subject: Re: example
 
received. look very promising.  thinking,.....


J. David Allan
Professor, School of Natural Resources & Environment
University of Michigan
Ann Arbor, MI 48109-1041
dallan@umich.edu
ph. 734.764.6553  fax 734.763.8965
http://snre.umich.edu/profile/dallan
 


On Fri, May 2, 2014 at 12:17 PM, Amanda D. Rodewald <arodewald@cornell.edu> wrote:
Hi Mark and Dave,
 
Following up on Monday’s discussion, I’m wondering if these kinds of figures would be good
 to illustrate how the Report could make clear how the appropriate spatial and temporal scale
 will depend upon which kind of disturbances dominate a particular system.
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*************************   ATTACHMENT  REMOVED   *************************



This message contained an attachment which the administrator has caused

to be removed.
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Attachment type: [image/jpeg]








 
Talk to you shortly.
 
Best,
Amanda
 
 


 







 
 
 
 







 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
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From: Rains, Mark
To: Amanda D. Rodewald; Dave Allan
Cc: Armitage, Thomas; Goodman, Iris
Subject: RE: example
Date: Friday, May 02, 2014 12:29:07 PM


Promising. Are these published? Or are some of them unpublished synthesis? We need to be laser focused on
 connecting all of our recommendations to the literature, which is a requirement imposed by the authors' own goal
 and constraints.
________________________________________
From: Amanda D. Rodewald [arodewald@cornell.edu]
Sent: Friday, May 02, 2014 12:25 PM
To: Dave Allan
Cc: Armitage, Thomas (Armitage.Thomas@epa.gov); Goodman, Iris (Goodman.Iris@epa.gov); Rains, Mark
Subject: RE: example


Thanks, Dave.  I doubt we’ll have the time to discuss it today, but I thought I’d share as individuals consider the
 topic.


Best,
a


Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu<mailto:arodewald@cornell.edu>


From: Dave Allan [mailto:dallan@umich.edu]
Sent: Friday, May 02, 2014 12:22 PM
To: Amanda D. Rodewald
Cc: Armitage, Thomas (Armitage.Thomas@epa.gov); Goodman, Iris (Goodman.Iris@epa.gov); Rains, Mark
 (mrains@usf.edu)
Subject: Re: example


received. look very promising.  thinking,.....


J. David Allan
Professor, School of Natural Resources & Environment
University of Michigan
Ann Arbor, MI 48109-1041
dallan@umich.edu<mailto:dallan@umich.edu>
ph. 734.764.6553  fax 734.763.8965
http://snre.umich.edu/profile/dallan


On Fri, May 2, 2014 at 12:17 PM, Amanda D. Rodewald
 <arodewald@cornell.edu<mailto:arodewald@cornell.edu>> wrote:
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Hi Mark and Dave,


Following up on Monday’s discussion, I’m wondering if these kinds of figures would be good to illustrate how the
 Report could make clear how the appropriate spatial and temporal scale will depend upon which kind of
 disturbances dominate a particular system.


Talk to you shortly.


Best,
Amanda


[cid:image001.jpg@01CF6601.A12460B0]


[cid:image002.jpg@01CF6601.A12460B0]


[cid:image003.jpg@01CF6601.A12460B0]


Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176<tel:607-254-2176>
Phone (Fernow Hall office): 607-254-7045<tel:607-254-7045>
Fax: 607-254-2104<tel:607-254-2104>
Email:  arodewald@cornell.edu<mailto:arodewald@cornell.edu>
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From: Armitage, Thomas
To: Amanda D. Rodewald
Cc: Goodman, Iris
Subject: RE: follow up
Date: Tuesday, April 29, 2014 8:46:00 PM
Attachments: Points Discussed on Connectivity Call_4_28_14.docx


Hi Amanda,
 
Attached please find a summary of major points discussed on the Connectivity panel call yesterday. I
 hope this is helpful.  Sorry I did not get it to you earlier today.  Please call me if you have questions.
 
If you have time, I think it would be useful to talk again before Friday’s call.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Tuesday, April 29, 2014 4:13 PM
To: Armitage, Thomas
Subject: follow up
 
Hi Tom,
 
Just wanted to check in to see if you were sending the summary of the major points/notes from
 yesterday.  I can add to your set if it is coming soon.
 
Thanks!
 
Best,
a
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
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Points Discussed on the Connectivity Panel Call on 4/28/14





1.  Overall Clarity and Technical Accuracy of the Draft Report (Section 3.1)





· Section 3.1 should concisely present the high priority recommendations concerning the clarity and technical accuracy of the EPA report.  It should provide overall findings and recommendations, but detailed information should be provided in subsequent chapters.  The response does not need more detail.





· The suggested bullets on Page 8, lines 44 – 46 and page 9, lines 18 – 29 may be more specific than needed.  They refer to downstream water quality.  (Kurt Fausch provided the comment, not sure whether a change is needed but you could consider whether they should be revised).





· Throughout Section 3.1, where the report refers to water quality it should instead refer to the physical, biological, and chemical integrity of downstream waters. Section 3.1 should clearly state that the subject of EPA’s Synthesis is to summarize the literature on the “effects of downstream connectivity on the physical, chemical, and biological integrity of downstream waters.” (edit to be incorporated by Chair)





· Some of the recommendations may not be adequately justified (Judy Meyer provided the comment but she was not specific so I don’t think there is an action item unless we get more input).





· Jennifer Tank and others indicated that the case studies should all have a box in the main text (this is already recommended on page 11, line 41 but the recommendation could be made stronger).





· Some members of the Panel indicated that the Panel’s report should clearly present recommendations for using the case studies in the EPA Report (Several options have been discussed, such as using each case study to describe systems along a connectivity gradient. I don’t think we had agreement on a specific change in the Panel’s report). Some indicated that the case studies should refer to the conceptual model and provide an indication of the frequency, duration, and magnitude of connectivity described in the case. (Lucinda Johnson recommended this.  The change could be incorporated by Chair).





· The recommendations contain many “shoulds.”  (You could offer to look at the recommendations combine some of them.  Possibly, the Panel could be asked to identify any recommendations that are not “shoulds” in the discussion?)





· The Panel’s report recommends that the EPA report be technically improved by careful editing. Mike Josselyn wants to indicate that the EPA report should be substantially revised.  (I did not hear this from others.)














2. Defining Connectivity  (Section 3.2.1)





· The EPA report does little to review quantitative metrics on connectivity let alone apply them. (Harvey ).  David Allan commented that this is a huge topic. He noted that It is an omission.  However, he also noted that the task is not to define connectivity but to address it at the end of the spectrum. (I think the action item agreed upon was to include more references on connectivity metrics – see point below.)





· The panel discussed how to include additional information on quantitative metrics.  Some recommended providing a matrix of example metrics.  Others indicated that this would be a problem because the examples in the matrix would have to be discussed.  Some suggested adding an appendix with some literature examples.  (I think the final “decision’ was to not include a matrix but to include some literature citations in a paragraph in Section 3.2.1 on metrics of connectivity.  Those who seemed to be most interested in providing this information were: Ken Kolm – for groundwater/surface water modeling studies; Mazeika Sullivan – for relative connectivity; and Mark Murphy for references to probabilistic ecological risk assessment. You could ask others to provide additional citations to be included. Jud Harvey is also assembling a list of references on defining connectivity and will send them.)





3. Spatial and Temporal Scale 





· The Panel discussed the issue of temporal scales of connectivity.  Members thought that this could be further addressed in the subsection in the Panel’s report on Layers of Connectivity (in the Conceptual Framework - section 3.2.5) because there is already a “spatial and temporal” part in this subsection.





· Mark Murphy indicated that literature on flow should be cited in this discussion.  (You could ask Mark Murphy to provide references to be included).





· Mark Rains indicated that a discussion of spatial and temporal scale should be included in section 3.2 (the response to charge question 2) but he indicated that the sections on streams, riparian wetlands, and non floodplain wetlands should also each have a subsection discussing spatial and temporal scale.  (He offered to develop the additional text, along with Mark Murphy, to be included in the charge question 2 response. Dave Allan offered to send in references.  You asked other members to send in references on spatial and temporal connectivity for the three water body types.)





· Mazeika Sullivan indicated that there was already a subsection in the report on spatial and temporal scale for floodplain waters and wetlands (section 3.5.3 on page 38.)  It was suggested that similar subsections be included in the sections on streams and non-floodplain wetlands. (You indicated that each of the lead writers could develop these new subsections. If this is the assignment, I think it should be mentioned again)





· Members of the Panel suggested moving Figure 1 into the conceptual framework discussion and presenting it in conjunction with Figure 1-1 of the synthesis report (i.e., the watershed/landscape diagram).  (An issue still to be decided is whether the report should present one general figure as an example and include a discussion of how this would change for different water body types, or create new figures describing each of the three water body types.)  





4. Other Points Concerning the Conceptual Framework (Section 3.2)





· The conceptual framework discussion should present concepts from the literature on disturbance ecology (Mark Murphy offered to develop text and a list of references addressing this. You could suggest that he work with Mark Rains to include the changes in Section 3.2).





· Flowpaths and functions corresponding to the revised conceptual framework discussion should be identified (I don’t think anyone got an assignment for this).





5. Predictability (likelihood) of Downstream Connectivity Effects





· The panel discussed recommending that EPA consider predictability in evaluating the downstream effects of connectivity.  Two views were discussed: a) describing conclusions as ”highly likely” based on the evidence presented in the literature (e.g., the type, amount, quality of studies, and consistency of findings) and communicated by use of probability trees defined over relevant space and time scales; b) stating that the existing literature demonstrates that downstream effects can be measured and assessed. This could be presented using an example matrix (I don’t think anyone has been assigned to do this.).





6. Use of the terms , unidirectional and bidirectional wetlands





· Panel members have indicated that there is a need to clearly state the recommendations regarding the use of the terms, unidirectional and bidirectional wetlands or synonyms. (I think the Panel’s report already does this but there may be some inconsistencies)





7. Iris notes that the Panel has identified the following terms that should be clearly defined in EPA’s Report and the Panel’s Report (I am not sure what the specific assignment is here.  I would like to discuss with you.)


· Connectivity


· Gradient


· Downstream effects


· Ecological flow requirements


· Frequency, magnitude, duration – as broadened to include physical, hydrologic, chemical and biologic characteristics such as life histories for aquatic dependent biota.


· [bookmark: _GoBack]Time scale


· Spatial scale


· Aggregate analysis, aggregate effects


· Cumulative analysis, cumulative effects


· Disturbance ecology





8.  Some Other Issues





· Some members (Fausch) stressed that even intermittent connectivity is important.





· The Panel discussed whether to retain the discussion of the importance of avian species to connectivity. Some Members noted that it is important to consider this issue in the context of aggregate effects.


1









Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
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From: Armitage, Thomas
To: Amanda D. Rodewald
Cc: Goodman, Iris
Subject: RE: follow up
Date: Tuesday, April 29, 2014 8:46:00 PM
Attachments: Points Discussed on Connectivity Call_4_28_14.docx


Hi Amanda,
 
Attached please find a summary of major points discussed on the Connectivity panel call yesterday. I
 hope this is helpful.  Sorry I did not get it to you earlier today.  Please call me if you have questions.
 
If you have time, I think it would be useful to talk again before Friday’s call.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Tuesday, April 29, 2014 4:13 PM
To: Armitage, Thomas
Subject: follow up
 
Hi Tom,
 
Just wanted to check in to see if you were sending the summary of the major points/notes from
 yesterday.  I can add to your set if it is coming soon.
 
Thanks!
 
Best,
a
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

mailto:arodewald@cornell.edu

mailto:Goodman.Iris@epa.gov



Points Discussed on the Connectivity Panel Call on 4/28/14





1.  Overall Clarity and Technical Accuracy of the Draft Report (Section 3.1)





· Section 3.1 should concisely present the high priority recommendations concerning the clarity and technical accuracy of the EPA report.  It should provide overall findings and recommendations, but detailed information should be provided in subsequent chapters.  The response does not need more detail.





· The suggested bullets on Page 8, lines 44 – 46 and page 9, lines 18 – 29 may be more specific than needed.  They refer to downstream water quality.  (Kurt Fausch provided the comment, not sure whether a change is needed but you could consider whether they should be revised).





· Throughout Section 3.1, where the report refers to water quality it should instead refer to the physical, biological, and chemical integrity of downstream waters. Section 3.1 should clearly state that the subject of EPA’s Synthesis is to summarize the literature on the “effects of downstream connectivity on the physical, chemical, and biological integrity of downstream waters.” (edit to be incorporated by Chair)





· Some of the recommendations may not be adequately justified (Judy Meyer provided the comment but she was not specific so I don’t think there is an action item unless we get more input).





· Jennifer Tank and others indicated that the case studies should all have a box in the main text (this is already recommended on page 11, line 41 but the recommendation could be made stronger).





· Some members of the Panel indicated that the Panel’s report should clearly present recommendations for using the case studies in the EPA Report (Several options have been discussed, such as using each case study to describe systems along a connectivity gradient. I don’t think we had agreement on a specific change in the Panel’s report). Some indicated that the case studies should refer to the conceptual model and provide an indication of the frequency, duration, and magnitude of connectivity described in the case. (Lucinda Johnson recommended this.  The change could be incorporated by Chair).





· The recommendations contain many “shoulds.”  (You could offer to look at the recommendations combine some of them.  Possibly, the Panel could be asked to identify any recommendations that are not “shoulds” in the discussion?)





· The Panel’s report recommends that the EPA report be technically improved by careful editing. Mike Josselyn wants to indicate that the EPA report should be substantially revised.  (I did not hear this from others.)














2. Defining Connectivity  (Section 3.2.1)





· The EPA report does little to review quantitative metrics on connectivity let alone apply them. (Harvey ).  David Allan commented that this is a huge topic. He noted that It is an omission.  However, he also noted that the task is not to define connectivity but to address it at the end of the spectrum. (I think the action item agreed upon was to include more references on connectivity metrics – see point below.)





· The panel discussed how to include additional information on quantitative metrics.  Some recommended providing a matrix of example metrics.  Others indicated that this would be a problem because the examples in the matrix would have to be discussed.  Some suggested adding an appendix with some literature examples.  (I think the final “decision’ was to not include a matrix but to include some literature citations in a paragraph in Section 3.2.1 on metrics of connectivity.  Those who seemed to be most interested in providing this information were: Ken Kolm – for groundwater/surface water modeling studies; Mazeika Sullivan – for relative connectivity; and Mark Murphy for references to probabilistic ecological risk assessment. You could ask others to provide additional citations to be included. Jud Harvey is also assembling a list of references on defining connectivity and will send them.)





3. Spatial and Temporal Scale 





· The Panel discussed the issue of temporal scales of connectivity.  Members thought that this could be further addressed in the subsection in the Panel’s report on Layers of Connectivity (in the Conceptual Framework - section 3.2.5) because there is already a “spatial and temporal” part in this subsection.





· Mark Murphy indicated that literature on flow should be cited in this discussion.  (You could ask Mark Murphy to provide references to be included).





· Mark Rains indicated that a discussion of spatial and temporal scale should be included in section 3.2 (the response to charge question 2) but he indicated that the sections on streams, riparian wetlands, and non floodplain wetlands should also each have a subsection discussing spatial and temporal scale.  (He offered to develop the additional text, along with Mark Murphy, to be included in the charge question 2 response. Dave Allan offered to send in references.  You asked other members to send in references on spatial and temporal connectivity for the three water body types.)





· Mazeika Sullivan indicated that there was already a subsection in the report on spatial and temporal scale for floodplain waters and wetlands (section 3.5.3 on page 38.)  It was suggested that similar subsections be included in the sections on streams and non-floodplain wetlands. (You indicated that each of the lead writers could develop these new subsections. If this is the assignment, I think it should be mentioned again)





· Members of the Panel suggested moving Figure 1 into the conceptual framework discussion and presenting it in conjunction with Figure 1-1 of the synthesis report (i.e., the watershed/landscape diagram).  (An issue still to be decided is whether the report should present one general figure as an example and include a discussion of how this would change for different water body types, or create new figures describing each of the three water body types.)  





4. Other Points Concerning the Conceptual Framework (Section 3.2)





· The conceptual framework discussion should present concepts from the literature on disturbance ecology (Mark Murphy offered to develop text and a list of references addressing this. You could suggest that he work with Mark Rains to include the changes in Section 3.2).





· Flowpaths and functions corresponding to the revised conceptual framework discussion should be identified (I don’t think anyone got an assignment for this).





5. Predictability (likelihood) of Downstream Connectivity Effects





· The panel discussed recommending that EPA consider predictability in evaluating the downstream effects of connectivity.  Two views were discussed: a) describing conclusions as ”highly likely” based on the evidence presented in the literature (e.g., the type, amount, quality of studies, and consistency of findings) and communicated by use of probability trees defined over relevant space and time scales; b) stating that the existing literature demonstrates that downstream effects can be measured and assessed. This could be presented using an example matrix (I don’t think anyone has been assigned to do this.).





6. Use of the terms , unidirectional and bidirectional wetlands





· Panel members have indicated that there is a need to clearly state the recommendations regarding the use of the terms, unidirectional and bidirectional wetlands or synonyms. (I think the Panel’s report already does this but there may be some inconsistencies)





7. Iris notes that the Panel has identified the following terms that should be clearly defined in EPA’s Report and the Panel’s Report (I am not sure what the specific assignment is here.  I would like to discuss with you.)


· Connectivity


· Gradient


· Downstream effects


· Ecological flow requirements


· Frequency, magnitude, duration – as broadened to include physical, hydrologic, chemical and biologic characteristics such as life histories for aquatic dependent biota.


· [bookmark: _GoBack]Time scale


· Spatial scale


· Aggregate analysis, aggregate effects


· Cumulative analysis, cumulative effects


· Disturbance ecology





8.  Some Other Issues





· Some members (Fausch) stressed that even intermittent connectivity is important.





· The Panel discussed whether to retain the discussion of the importance of avian species to connectivity. Some Members noted that it is important to consider this issue in the context of aggregate effects.
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From: Amanda D. Rodewald
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: RE: follow up
Date: Tuesday, April 29, 2014 9:53:40 PM


Thanks, Tom.
 
I’m open on Thursday.  Would late morning work? 
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
 
 
 
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Tuesday, April 29, 2014 8:47 PM
To: Amanda D. Rodewald
Cc: Goodman, Iris
Subject: RE: follow up
 
Hi Amanda,
 
Attached please find a summary of major points discussed on the Connectivity panel call yesterday. I
 hope this is helpful.  Sorry I did not get it to you earlier today.  Please call me if you have questions.
 
If you have time, I think it would be useful to talk again before Friday’s call.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
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EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Tuesday, April 29, 2014 4:13 PM
To: Armitage, Thomas
Subject: follow up
 
Hi Tom,
 
Just wanted to check in to see if you were sending the summary of the major points/notes from
 yesterday.  I can add to your set if it is coming soon.
 
Thanks!
 
Best,
a
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
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From: Amanda D. Rodewald
To: Harvey, Judson; Armitage, Thomas
Subject: RE: for your "to do" list
Date: Tuesday, April 29, 2014 1:28:32 PM


HI Jud,
 
Thank you so much!  I really appreciate your efforts.
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 
From: Harvey, Judson [mailto:jwharvey@usgs.gov] 
Sent: Tuesday, April 29, 2014 7:43 AM
To: Armitage, Thomas; Amanda D. Rodewald
Subject: for your "to do" list
 
Hi Amanda and Tom, 
 
That was an interesting discussion yesterday about the meaning of connectivity. For your list
 of assignments,  I am assembling citations of papers that define connectivity that currently are
 not cited in EPA's report and I will write a short summary of those definitions.  "See" you
 Friday.
 
- Jud 
 
--
Jud Harvey
USGS
430 National Center
Reston, VA 20192
703-648-5876
https://profile.usgs.gov/jwharvey 
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From: Amanda D. Rodewald
To: Stanford, Jack; mrains@usf.edu
Cc: Armitage, Thomas; Goodman, Iris
Subject: RE: good work
Date: Monday, April 28, 2014 5:04:56 PM


Thanks, Jack!  I really appreciate both of your great input, Mark & Jack.  Very helpful.


Best,
Amanda


Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu


-----Original Message-----
From: Stanford, Jack [mailto:jack.stanford@flbs.umt.edu]
Sent: Monday, April 28, 2014 5:00 PM
To: mrains@usf.edu
Cc: Amanda D. Rodewald
Subject: good work


Hi Mark,


This EPA review process is interesting and mostly fun but I just wanted to say that I think you really have
 contributed effectively and decisively throughout this process.  Keep it up. 


With regard to the discussion today, I attached an out of the way pub that is relevant and may be helpful as you try
 to better articulate the generality of biophysical connectivity in river systems.  I am currently updating this as a
 mini-review for Ecosystems.  I attach another that shows the temporal consequences of flow on the shifting habitat
 mosaic of river systems. 


Also, I attach a paper on FL that clearly shows the consequences of biological connectivity in the context of the
 discussion that got rather off track today.  The mysids that invaded FL and completely changed the ecosystem ...
 from water quality to food web structure and productivity.... migrated from upstream lakes where they were stocked
 by Montana fish managers. 


Will you be at FLBS anytime this summer?  Forgot what you told me but I hope so.  Open house is August 5.  All
 the best,


Cheers,
Jack
406-982-3301 ext 235 office, through Sue Gillespie
406-250-1006 cell
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From: Armitage, Thomas
To: Covell, Stephen -FS
Subject: RE: request dial-in instuctions for teleconference today at 1pm Review of the EPA Water Body Connectivity
Date: Friday, May 02, 2014 12:21:00 PM


Per your request, the call-in number to listen to teleconferences of the Science Advisory Board Panel
 for the Review of the EPA Water Body Connectivity Report on May 2nd is 1-866-299-3188.  After
 dialing the call-in number, please enter the following conference code at the prompt: 2023439946#
 . 
 
Please note that this call-in number is for listening only. 
 
The audio to listen to these teleconferences will also be streamed live through the internet. The link
 to listen to the teleconferences on the internet is provided on the SAB website at the following URL.
 The meeting materials for the teleconference are also available at the following URL.
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/338DEF2F7262A7F485257C7C0060851D?
OpenDocument
 
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 


From: Covell, Stephen -FS [mailto:scovell@fs.fed.us] 
Sent: Friday, May 02, 2014 12:10 PM
To: Armitage, Thomas
Subject: request dial-in instuctions for teleconference today at 1pm Review of the EPA Water Body
 Connectivity
 
Thomas:
Please e-mail dial-in connection instructions for today’s call on Review of the EPA Water Body
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 Connectivity
Report.
 
Thank you.
V/R
Steve
 
Stephen A. Covell
Biological Scientist
Program Manager USDA Forest Service Pesticides, and
State and Private Forestry Invasive Plants
Forest Health Protection
 
Please note following new addresses
For FedEx and UPS deliveries, our physical address is:
USDA Forest Service (Mailstop # 1110; 3CE)
201 14th St. S.W.
Washington, D.C.  20250
 
For USPS mail, the address is:
USDA Forest Service (Mailstop # 1110)
1400 Independence Ave SW
Washington, D.C.  20250
 
Tel: 703-605-5342
Fax: (202) 205-1174 (new FAX #)
Cell: 571-255-0818
e-mail: scovell@fs.fed.us
website: www.fs.fed.us/foresthealth
 


This electronic message contains information generated by the USDA solely for the intended
 recipients. Any unauthorized interception of this message or the use or disclosure of the
 information it contains may violate the law and subject the violator to civil or criminal
 penalties. If you believe you have received this message in error, please notify the sender and
 delete the email immediately.
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From: Armitage, Thomas
To: Amanda D. Rodewald
Cc: Goodman, Iris
Subject: RE: revised points
Date: Wednesday, April 30, 2014 9:31:00 PM
Attachments: Points Discussed on Connectivity Call_4_28_14_AR_revised_TA_ clean.docx


Points Discussed on Connectivity Call_4_28_14_AR_revised_TA.docx


Hi Amanda,
 
Thanks very much, I will call your office at 10 am tomorrow.  Iris and I would like to talk with you
 about the best approach for Friday’s call.  I have looked at your list of points and have attached a
 revised draft.  However we think that the points and assignments should be sent to members  after
 the teleconferences.
 
On Friday, we think it would be good to move directly into a discussion of the responses to charge
 questions 3, 4, and 5 rather than revisiting the points discussed on Monday.  You could start by
 reviewing some of the major points agreed upon on Monday, but I think that talking about all of the
 points on the list would take too long.
 
On Friday, I think it would be appropriate for you to say that, as discussed on Monday, members will
 be providing additional material and revisions for the report, and that you will be incorporating the
 other edits and comments on sections 3.1 and 3.2.  You could say that assignments will be sent to
 members after the call.
 
If you prefer a different approach, please let us know.  Look forward to talking tomorrow.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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Points Discussed on the Connectivity Panel Call on 4/28/14





On Monday, we seemed to reach agreement on how to deal with the key concepts of connectivity, scale (temporal & spatial), and cumulative / aggregate effects.  The main approach is to better lay the foundation of the concepts in the section on conceptual framework and then have each section more specifically talk about functions of connectivity, scales at which it is relevant, and its consequences for the different kinds of water bodies.





Key items to discuss Friday:


· Acceptance of red-line edits in the report


· Prioritize recommendations whenever possible, and identify which recommendations are essential versus less critical improvements.


· Unidirectional/bidirectional.  As a panel, we are still struggling with the most appropriate and clearest way to express the concepts “unidirectional” and “bidirectional”.  After much discussion in December, we agreed that “floodplain waters and wetlands” and “non-floodplain water and wetlands” would be more understandable.  But based on the comments, this needs additional discussion.  


· Add term and discussion of “interrupted stream”  (Murphy)


· Use “downstream” or “downgradient” throughout? (Chair)








In addition to the red-marked changed in the draft:





1.  Overall Clarity and Technical Accuracy of the Draft Report (Section 3.1)





· Section 3.1 should concisely present the high priority recommendations concerning the clarity and technical accuracy of the EPA report.  The response does not need more detail.





· Where “water quality” is specified in the suggested bullets on Page 8, lines 44 – 46 ,page 9, lines 18 – 29, as well as  throughout Section 3.1, the reference should be to the “physical, chemical, and  integrity of downstream waters”. (Chair)








· Section 3.1 should clearly state that the subject of EPA’s Synthesis is to summarize the literature on the “effects of downstream connectivity on the physical, chemical, and biological integrity of downstream waters.” (Chair)





 


· We should recommend, but not require, that case studies be distilled into brief summaries in text boxes that provide shorter, clear illustrations of where different systems sit along the gradients of connectivity and also to highlight differences in the ecologically relevant temporal and spatial scales. (this is already recommended on page 11, line 41 but the recommendation could be made stronger).  At the very least, the reader must be able to see how the case studies fit within the conceptual framework.  The authors also should consider adding a case study about forested wetlands, given how important and common they are. (Chair)





· Be careful not to suggest that revisions are minor, but that substantive revision in places will improve the clarity and usefulness of the Report. (Chair)





· Drop text dealing with & recommending more focus on the effects of riparian vegetation  (Chair)





· Be consistent with terminology throughout the document – avoid using “uni & bi-directional” except in quotations, replace downstream with downgradient , (Chair)





· Recommend that EPA avoid using word “significant” loosely; instead refer to the relevance, functionality, or consequences of connectivity at different scales (Chair)





· Strike the following red-line changes from the draft: (Chair)





· P. 9, lines 27-28


· P. 10, lines 10 -11 (combine that bullet with previous one)


· P. 11, lines 3-7, synthesize into a single bullet.








2. Defining Connectivity  (Section 3.2.1)





· The EPA report must discuss the various scientific approaches to quantify connectivity and provide suggestions for how to represent a gradient of connectivity.  The best approach is to provide examples (emphasize examples) of the ways that connectivity can be measured, but stop short of recommending specific metrics given that the science is always changing.  Something to consider is the addition of a table that can list examples of metrics, particularly those that are well developed for establishing hydrologic connectivity (e.g., transient analysis). The final “decision’ seemed to be that we include some literature citations in a paragraph in a on metrics of connectivity.  This  could be a new subsection in Section 3.2 or the references for related to each water body type could be included in the appropriate sections of the report (Ken Kolm – for groundwater/surface water modeling studies; Mazeika Sullivan – for relative connectivity; and Mark Murphy for references to probabilistic ecological risk assessment. Jud Harvey ) (Chair will insert the material provided by the panel members)





· Recommend that the EPA Report should state that the existing literature demonstrates that downstream effects can be measured and assessed. This could be presented using an example matrix  (Chair)





· The Panel’s report should recognize that what is most readily quantified is “relative” not “absolute” connectivity. (Chair)





· Change “water quality” to “physical, chemical, and biological integrity of downstream waters” on page 12, Line 41, page 13, line36, (Chair)





· Bring Figure 1 to this section and include a recommendation that the EPA make similar figures in each of the sections dealing with different water bodies to better represent gradients of connectivity. (Chair)





· Discuss the fact that any kind of connectivity that affects the physical, chemical, and biological integrity of downstream waters is relevant/important.  However, acknowledge that there is a level of connectivity at which the functional impact/the consequence on downstream receiving waters is minimal; but this is where assessing the cumulative / aggregate effect becomes critical. (Chair)





· Recommend that the EPA Report Link chemical and biological elements to show how they are connected.  (e.g., providing nutrients to the system; impacting biological community through trophic cascades, human health) (Chair)





· Strike the following red-line changes from the draft:


· P. 13, lines 34-36 (Chair)








3. Spatial and Temporal Scale 





· The Panel discussed the issue of temporal scales of connectivity.  Members thought that this could be further addressed in the subsection in the Panel’s report on Layers of Connectivity (in the Conceptual Framework - section 3.2.5) because there is already a “spatial and temporal” part in this subsection.





· Add literature citations that will help the EPA better address issues related to scale.  Mark Murphy indicated that literature on flow should be cited in this discussion.  (Mark Murphy will provide references to be included).





· Mark Rains indicated that a discussion of spatial and temporal scale should be included in section 3.2 (the response to charge question 2) in a couple of paragraphs that lay the foundation.  In addition, the sections on streams, riparian wetlands, and non floodplain wetlands should also each have a subsection that discusses the most relevant spatial and temporal scales at which connectivity is viewed for that system and how scales relate to the impacts; point to a framework and use literature to touch on hydrological, chemical, and biological connectivity and how scale affects those.  Then we could use approach like p. 38.  (Rains and Murphy will write subsection to be included in Section 3.2.  Allan will provide additional references on spatial and temporal connectivity for the three water body types. The lead writers for streams, riparian wetlands, and isolated wetlands will develop subsections on spatial and temporal scale, similar to the existing subsection 3.5.3, for their sections of the report.  The Chair will include this material in the report)





· Recognize that the time scale of connectivity is probably clarified by linking more to consequences and the impacts – e.g., some impacts are problems/important over any time scale. (Chair will add text to sections on spatial and temporal scale)





· Recommend that the EPA report Include examples (via case studies?) where even intermittent connectivity is important. (Chair)








4. Cumulative and aggregate effects.





· Elaborate on how to determine cumulative & aggregate effects – conditional probability tree about the likelihood that downstream waters impacted.  If we are quantifying the cause and effect impacts direct them to consequence models = direct them to the literature.    (Mark Murphy will send an additional material  to be included by the Chair)  





· Scale of aggregation –  Ken Kolm – there are some scales at which we can establish absolute connectivity; others where one has to use probabilistic





· Biological connectivity (e.g., avian connectivity) may be especially important within the context of cumulative and additive effects.





· Add literature citations that will help the EPA better address cumulative and aggregate effects (Panel members will be asked to send literature citations to be included by the Chair)





5. Other Points Concerning the Conceptual Framework (Section 3.2)





· The responses to each of the charge questions can populate the framework with information specific to different systems.





· Flowpaths and functions corresponding to the revised conceptual framework discussion should be identified (I don’t think anyone got an assignment for this).





· The conceptual framework discussion should present concepts from the literature on disturbance ecology (e.g., magnitude, intensity, frequency, and predictability). Predictivity was thought to be especially useful in evaluating downstream effects of connectivity.  (Mark Murphy offered to develop text and a list of references addressing this. He will work with Mark Rains to include the changes in Section 3.2).








Disturbance ecology language is a good model.  Use disturbance ecology literature as a framework for discussing and framing connectivity.


· Distribution, frequency, return interval, rotation period, predictability, area or size, magnitude (intensity and severity) (White & Pickett).  Examples of figures that could be considered for inclusion (not mandatory).


[image: http://forestry.sfasu.edu/faculty/jstovall/silviculture/images/textbook/disturbance_trend_full.png]


[image: http://www.nature.com/nclimate/journal/v1/n4/images_article/nclimate1143-f5.jpg]











6. Use of the terms , unidirectional and bidirectional wetlands





· [bookmark: _GoBack]Panel members have indicated that there is a need to clearly state the recommendations regarding the use of the terms, unidirectional and bidirectional wetlands or synonyms. (I think the Panel’s report already does this but the Chair will correct look for  inconsistencies)
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Points Discussed on the Connectivity Panel Call on 4/28/14





On Monday, we seemed to reach agreement on how to deal with the key concepts of connectivity, scale (temporal & spatial), and cumulative / aggregate effects.  The main approach is to better lay the foundation of the concepts in the section on conceptual framework and then have each section more specifically talk about functions of connectivity, scales at which it is relevant, and its consequences for the different kinds of water bodies.





Key items to discuss Friday:


· Acceptance of red-line edits in the report


· Prioritize recommendations whenever possible, and identify which recommendations are essential versus less critical improvements.


· Unidirectional/bidirectional.  As a panel, we are still struggling with the most appropriate and clearest way to express the concepts “unidirectional” and “bidirectional”.  After much discussion in December, we agreed that “floodplain waters and wetlands” and “non-floodplain water and wetlands” would be more understandable.  But based on the comments, this needs additional discussion.  


· Add term and discussion of “interrupted stream”  (Murphy)


· Use “downstream” or “downgradient” throughout? (Chair)


· Can we better articulate why we recommended that the report better address human alterations – both in terms of how they affect connectivity and in terms of how the concept applies to human-altered or human-created waters?  --- Here we may already agree that each section should include a subsection on human alterations & how they affect connectivity & its effects for the various systems.








In addition to the red-marked changed in the draft:





1.  Overall Clarity and Technical Accuracy of the Draft Report (Section 3.1)





· Section 3.1 should concisely present the high priority recommendations concerning the clarity and technical accuracy of the EPA report.  It should provide overall findings and recommendations in a way that makes their importance clear, but detailed information should be provided in subsequent chapters.  The response does not need more detail.





· Where “water quality” is specified in the suggested bullets on Page 8, lines 44 – 46 ,page 9, lines 18 – 29, as well as  throughout Section 3.1, the reference should be to the “physical, chemical, and  integrity of downstream waters”. (Chair)








· Section 3.1 should clearly state that the subject of EPA’s Synthesis is to summarize the literature on the “effects of downstream connectivity on the physical, chemical, and biological integrity of downstream waters.” (edit to be incorporated by Chair)





·  The bulleted topics in Section 3.1.4 need additional detail and justification for why they are important.





· We should recommend, but not require, that case studies be distilled into brief summaries in text boxes that provide shorter, clear illustrations of where different systems sit along the gradients of connectivity and also to highlight differences in the ecologically relevant temporal and spatial scales. (this is already recommended on page 11, line 41 but the recommendation could be made stronger).  At the very least, the reader must be able to see how the case studies fit within the conceptual framework.  The authors also should consider adding a case study about forested wetlands, given how important and common they are. (Chair)





· Be careful not to suggest that revisions are minor, but that substantive revision in places will improve the clarity and usefulness of the Report. (Chair)





· Drop text dealing with & recommending more focus on the effects of riparian vegetation (Josselyn) (Chair)





· Be consistent with terminology throughout the document – avoid using “uni & bi-directional” except in quotations, replace downstream with downgradient choose either downstream or downgradient, (Chair)





· Recommend that EPA Aavoid using word “significant” loosely; instead refer to the relevance, functionality, or consequences of connectivity at different scales (Chair)





· Strike the following red-line changes from the draft: (Chair)





· P. 9, lines 27-28


· P. 10, lines 10 -11 (combine that bullet with previous one)


· P. 11, lines 3-7, synthesize into a single bullet.








2. Defining Connectivity  (Section 3.2.1)





· The EPA report must discuss the various scientific approaches to quantify connectivity and provide suggestions for how to represent a gradient of connectivity.  The best approach is to provide examples (emphasize examples) of the ways that connectivity can be measured, but stop short of recommending specific metrics given that the science is always changing.  Something to consider is the addition of a table that can list examples of metrics, particularly those that are well developed for establishing hydrologic connectivity (e.g., transient analysis). The final “decision’ seemed to be that we include some literature citations in a paragraph in a Section 3.2.1 on metrics of connectivity.  This  could be a new subsection in Section 3.2 or the references for related to each water body type could be included in the appropriate sections of the report (Ken Kolm – for groundwater/surface water modeling studies; Mazeika Sullivan – for relative connectivity; and Mark Murphy for references to probabilistic ecological risk assessment. Jud Harvey ) (Chair will insert the material provided by the panel members)





· Two views were discussed: a) describing conclusions as ”highly likely” based on the evidence presented in the literature (e.g., the type, amount, quality of studies, and consistency of findings) and communicated by use of probability trees defined over relevant space and time scales; b)Recommend that the EPA Report should stateing that the existing literature demonstrates that downstream effects can be measured and assessed. This could be presented using an example matrix (I don’t think anyone has been assigned to do this.). (Chair)	Comment by Amanda D. Rodewald: I thought that this related to the metrics and quantifying connectivity.





· The Panel’s report should rRecognize that what is most readily quantified is “relative” not “absolute” connectivity.(Chair)





· Change “water quality” to “physical, chemical, and biological integrity of downstream waters” on page 12, Line 41, page 13, line36, (Chair)





· Bring Figure 1 to this section and include a recommendation that the EPA makde similar figures in each of the sections dealing with different water bodies to better represent gradients of connectivity. (Chair)





· Discuss the fact that any kind of connectivity that affects the physical, chemical, and biological integrity of downstream waters is relevant/important.  However, acknowledge that there is a level of connectivity at which the functional impact/the consequence on downstream receiving waters is minimal; but this is where assessing the cumulative / aggregate effect becomes critical. (Chair)





· Recommend that the EPA Report Link chemical and biological elements to show how they are connected.  (e.g., providing nutrients to the system; impacting biological community through trophic cascades, human health) (Chair)





· Strike the following red-line changes from the draft:


· P. 13, lines 34-36 (Chair)








3. Spatial and Temporal Scale 





· The Panel discussed the issue of temporal scales of connectivity.  Members thought that this could be further addressed in the subsection in the Panel’s report on Layers of Connectivity (in the Conceptual Framework - section 3.2.5) because there is already a “spatial and temporal” part in this subsection.





· Add literature citations that will help the EPA better address issues related to scale.  Mark Murphy indicated that literature on flow should be cited in this discussion.  (You could ask Mark Murphy to will provide references to be included).





· Mark Rains indicated that a discussion of spatial and temporal scale should be included in section 3.2 (the response to charge question 2) in a couple of paragraphs that lay the foundation.  In addition, Recommend that each  the sections on streams, riparian wetlands, and non floodplain wetlands should also each have a subsection that discusses the most relevant spatial and temporal scales at which connectivity is viewed for that system and how scales relate to the impacts; point to a framework and use literature to touch on hydrological, chemical, and biological connectivity and how scale affects those.  Then we could use approach like p. 38.  (Rains and Murphy will write subsection to be included in Section 3.2.  Allan will provide additional references on spatial and temporal connectivity for the three water body types. The lead writers for streams, riparian wetlands, and isolated wetlands will develop subsections on spatial and temporal scale, similar to the existing subsection 3.5.3, for their sections of the report.  The Chair will include this material in the report)





· .  (He offered to develop the additional text, along with Mark Murphy, to be included in the charge question 2 response. Dave Allan offered to send in references.  You asked other members to send in references on spatial and temporal connectivity for the three water body types.)





· Start addressing the issue of temporal aspect – write a couple of paragraphs that lay the foundation. Then each section can include a section discussing the most relevant spatial and temporal scales at which connectivity is viewed and how scales relate to the impacts; point to a framework and use literature to touch on hydrological, chemical, and biological connectivity and how scale affects those.  Then we could use approach like p. 38.  Mark – needs some literature sent to him (David Allen sends)





· Recognize that the time scale of connectivity is probably clarified by linking more to consequences and the impacts – e.g., some impacts are problems/important over any time scale. (Chair will add text to sections on spatial and temporal scale)





· Recommend that the EPA report Include examples (via case studies?) where even intermittent connectivity is important. (Chair)





· Mazeika Sullivan indicated that there was already a subsection in the report on spatial and temporal scale for floodplain waters and wetlands (section 3.5.3 on page 38.)  It was suggested that similar subsections be included in the sections on streams and non-floodplain wetlands. (You indicated that each of the lead writers could develop these new subsections. If this is the assignment, I think it should be mentioned again)





· Members of the Panel suggested moving Figure 1 into the conceptual framework discussion and presenting it in conjunction with Figure 1-1 of the synthesis report (i.e., the watershed/landscape diagram).  (An issue still to be decided is whether the report should present one general figure as an example and include a discussion of how this would change for different water body types, or create new figures describing each of the three water body types.)  





4. Cumulative and aggregate effects.





· Elaborate on how to determine cumulative & aggregate effects – conditional probability tree about the likelihood that downstream waters impacted.  If we are quantifying the cause and effect impacts direct them to consequence models = direct them to the literature.    (Mark Murphy will send an additional material  to be included by the Chairsends)  


· Scale of aggregation –  Ken Kolm – there are some scales at which we can establish absolute connectivity; others where one has to use probabilistic


· Biological connectivity (e.g., avian connectivity) may be especially important within the context of cumulative and additive effects.


· Add literature citations that will help the EPA better address cumulative and aggregate effects (Panel members will be asked to send literature citations to be included by the Chair)





5. Other Points Concerning the Conceptual Framework (Section 3.2)





· The responses to each of the charge questions can populate the framework with information specific to different systems.





· Flowpaths and functions corresponding to the revised conceptual framework discussion should be identified (I don’t think anyone got an assignment for this).





· The conceptual framework discussion should present concepts from the literature on disturbance ecology (e.g., magnitude, intensity, frequency, and predictability). Predictivity was thought to be especially useful in evaluating downstream effects of connectivity.  (Mark Murphy offered to develop text and a list of references addressing this. He will  work with Mark Rains to include the changes in Section 3.2).








Disturbance ecology language is a good model.  Use disturbance ecology literature as a framework for discussing and framing connectivity.


· Distribution, frequency, return interval, rotation period, predictability, area or size, magnitude (intensity and severity) (White & Pickett).  Examples of figures that could be considered for inclusion (not mandatory).


[image: http://forestry.sfasu.edu/faculty/jstovall/silviculture/images/textbook/disturbance_trend_full.png]


[image: http://www.nature.com/nclimate/journal/v1/n4/images_article/nclimate1143-f5.jpg]





· 





6. Use of the terms , unidirectional and bidirectional wetlands





· Panel members have indicated that there is a need to clearly state the recommendations regarding the use of the terms, unidirectional and bidirectional wetlands or synonyms. (I think the Panel’s report already does this but the Chair will correct look for  there may be some inconsistencies)





7. Iris notes that the Panel has identified the following terms that should be clearly defined in EPA’s Report and the Panel’s Report (I am not sure what the specific assignment is here.  I would like to discuss with you.)


· Connectivity


· Gradient


· Downstream effects


· Ecological flow requirements


· Frequency, magnitude, duration – as broadened to include physical, hydrologic, chemical and biologic characteristics such as life histories for aquatic dependent biota. – this will draw upon disturbance ecology literature.


· Time scale


· Spatial scale


· Aggregate analysis, aggregate effects


· Cumulative analysis, cumulative effects


· Disturbance ecology





 Some Other Issues








In each section:


The importance of temporal and spatial scales will be introduced in more detail in the conceptual model, but then each section will include its own discussion of the scales that are particularly relevant for those systems.  Follow the example on pg. 38


1
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From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Wednesday, April 30, 2014 3:17 PM
To: Armitage, Thomas; Goodman, Iris
Subject: revised points
 
Hi Tom & Iris,
 
Thanks for starting on this.  I’ve added a number of suggestions.  Can you please look at this, edit as
 needed, and send me a clean version for one more quick round of editing by each of us?  It would
 be super if I can have that by early tomorrow morning.  I’ll return quickly and then we can send to
 panel members by early afternoon.  Does that sound ok?
 
So for talking should we plan on 10am?  I’m flexible.
 
Thanks!
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
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From: Amanda D. Rodewald
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: RE: revised points
Date: Wednesday, April 30, 2014 10:22:51 PM


Thanks, Tom!  That approach sounds fine with me; I trust the judgment of you both.  I’ll have this
 back to you tomorrow morning.
 
Looking forward to talking tomorrow.  Thanks for working on this so late.
 
Have a good night.
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
 
 
 
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, April 30, 2014 9:32 PM
To: Amanda D. Rodewald
Cc: Goodman, Iris
Subject: RE: revised points
 
Hi Amanda,
 
Thanks very much, I will call your office at 10 am tomorrow.  Iris and I would like to talk with you
 about the best approach for Friday’s call.  I have looked at your list of points and have attached a
 revised draft.  However we think that the points and assignments should be sent to members  after
 the teleconferences.
 
On Friday, we think it would be good to move directly into a discussion of the responses to charge
 questions 3, 4, and 5 rather than revisiting the points discussed on Monday.  You could start by
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 reviewing some of the major points agreed upon on Monday, but I think that talking about all of the
 points on the list would take too long.
 
On Friday, I think it would be appropriate for you to say that, as discussed on Monday, members will
 be providing additional material and revisions for the report, and that you will be incorporating the
 other edits and comments on sections 3.1 and 3.2.  You could say that assignments will be sent to
 members after the call.
 
If you prefer a different approach, please let us know.  Look forward to talking tomorrow.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 
 
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Wednesday, April 30, 2014 3:17 PM
To: Armitage, Thomas; Goodman, Iris
Subject: revised points
 
Hi Tom & Iris,
 
Thanks for starting on this.  I’ve added a number of suggestions.  Can you please look at this, edit as
 needed, and send me a clean version for one more quick round of editing by each of us?  It would
 be super if I can have that by early tomorrow morning.  I’ll return quickly and then we can send to
 panel members by early afternoon.  Does that sound ok?
 
So for talking should we plan on 10am?  I’m flexible.
 
Thanks!
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Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
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From: Amanda D. Rodewald
To: Dave Allan; Armitage, Thomas; Goodman, Iris
Subject: RE: some thoughts on the April 28 conference call
Date: Thursday, May 01, 2014 2:26:16 PM


Thank you, Dave.  Your comments are indeed very helpful.  Yes, it is a bit like herding cats!  
 
Talk to you tomorrow.
 
Best,
amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 
From: Dave Allan [mailto:dallan@umich.edu] 
Sent: Thursday, May 01, 2014 2:21 PM
To: Armitage, Thomas; Goodman, Iris; Amanda D. Rodewald
Subject: some thoughts on the April 28 conference call
 
Tom, Amanda, Iris:
 
my comments are embedded below and attached.  I leave it to your judgment whether to share
 with others.  I hope these comments are helpful - you have a challenging task to get all these
 cats headed in the same direction.
 
Dave


The gradient of connectivity is largely elucidated through the discussion of spatial and
 temporal scales.  Because of the importance of this issue, and of providing the EPA Draft
 Report with advice on how to discuss the gradient of connectivity, I suggest that the section
 on “Spatial and Temporal Scales (p 19 under Section 3.2.5) be elevated into the connectivity
 framework. In addition, it should be expanded (i.e., it is not simply one of several “layers of
 complexity”).  Some topics that appear elsewhere might be gathered into this section, for
 example the mention of variable source areas (p15-16).
 
The EPA Report could describe the well-known frequency-magnitude relationship for
 streamflow and floods, ranging from channel over-topping in 2 years out of three, to decadal
 and 100 year floods.  Using the 100-year floodplain as an example could allow EPA to make
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 a case for century-scale timelines.  A figure such as Figure 4 in Poff et al. (BioScience, Dec
 1997) or other similar figure could easily convey that events of low frequency but high
 magnitude change the spatial extent of connectivity of surface waters in ways that impact
 ecosystem function.  Reference to the environmental flows literature (A.H. Arthington,
 Environmental Flows, 2012 U California Press) could help to establish the broad basis for
 consideration of the importance of rare and episodic events, again on timescales of decades to
 centuries.  The EPA Report should clarify that use of flood analysis for rivers is illustrative,
 and may apply to wetland connectivity, or not.
 
Transitions to geomorphology (such as debris flows) and ground water connectivity should
 follow, noting that events occurring on even longer time scales, and connectivity spanning
 even greater areas, may ensure connectivity that would not be apparent from examination of
 surface waters . Careful consideration should be given to whether examples of connectivity
 on the timescale of millennia helps the EPA Report explain connectivity to decision makers.
 
Overall, the discussion of spatial and temporal scales should be elevated into the discussion of
 the gradient, and care should be taken that the concept of gradient not be submerged beneath
 individual examples that imply extremely long time scales or great spatial extent, but may
 have marginal generality.
 
I appreciate that these are general comments that require committee consideration, and, if
 found useful, will require some re-drafting.  I am happy to help with this, but also happy to
 leave any changes in the hands of those assigned to these sections.
 
David Allan 5/1/2014
 


J. David Allan
Professor, School of Natural Resources & Environment
University of Michigan
Ann Arbor, MI 48109-1041
dallan@umich.edu
ph. 734.764.6553  fax 734.763.8965
http://snre.umich.edu/profile/dallan
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From: Amanda D. Rodewald
To: Armitage, Thomas
Subject: RE: summary of key points to discuss
Date: Monday, April 28, 2014 12:08:02 PM


Thanks, Tom.  Will do.
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Monday, April 28, 2014 11:57 AM
To: Amanda D. Rodewald
Subject: RE: summary of key points to discuss
 
Amanda,
 
I think you should tell them they have 3 minutes.  I  have already told them they have 3 minutes, and
 our FR notice also indicated that. But when keeping track of the time you could be flexible and let
 them continue for up to 5 minutes if necessary.
 
Tom
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Monday, April 28, 2014 11:51 AM
To: Armitage, Thomas
Subject: RE: summary of key points to discuss
 
Hi Tom,
 
You’re welcome.  I hope it’s useful.  Quick question – should I go ahead and give the public
 commenters 5 min rather than 3 min each as Chris suggested?  I’ll plan on that unless I hear
 otherwise from you.
 
Best,
Amanda
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Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Monday, April 28, 2014 11:49 AM
To: Amanda D. Rodewald
Subject: RE: summary of key points to discuss
 
Hi Amanda,
 
Thanks for preparing the great summary of issues. I think you have included the important issues to
 be discussed.  It does seem like a long list.  I hope the Panel can come to agreement on what should
 be changed in the report and  who should make the changes (either particular members or you  and
 the DFOs).
 
Talk to you at 1:00 pm
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Sunday, April 27, 2014 6:18 PM
To: Armitage, Thomas; Goodman, Iris; Zarba, Christopher
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Cc: Amanda D. Rodewald
Subject: summary of key points to discuss
 
Hi Tom, Iris, and Chris,
 
I hope that you’re enjoying at least a bit of the weekend.  (Has anyone checked to be sure that Tom
 left the building on Friday??? ;))
 
I’m attaching two documents that may or may not be useful to you.  The first is a summary of the
 key points that I thought came out in the panel comments; these are the issues that seem most
 critical to address.  Please let me know if you think I’m on track and if there are others that I’ve
 overlooked.  This list does not reflect ALL comments, but the ones that seemed most important to
 discuss.
 
The second document is a compilation of major comments from the files that Tom sent last week. 
 I’ve tried to sort them out by topic.  This might be a useful reference during the discussion.
 
Have a nice evening.
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
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From: Armitage, Thomas
To: Amanda D. Rodewald
Subject: RE: summary of key points to discuss
Date: Monday, April 28, 2014 11:57:00 AM


Amanda,
 
I think you should tell them they have 3 minutes.  I  have already told them they have 3 minutes, and
 our FR notice also indicated that. But when keeping track of the time you could be flexible and let
 them continue for up to 5 minutes if necessary.
 
Tom
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Monday, April 28, 2014 11:51 AM
To: Armitage, Thomas
Subject: RE: summary of key points to discuss
 
Hi Tom,
 
You’re welcome.  I hope it’s useful.  Quick question – should I go ahead and give the public
 commenters 5 min rather than 3 min each as Chris suggested?  I’ll plan on that unless I hear
 otherwise from you.
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Monday, April 28, 2014 11:49 AM
To: Amanda D. Rodewald
Subject: RE: summary of key points to discuss
 
Hi Amanda,
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Thanks for preparing the great summary of issues. I think you have included the important issues to
 be discussed.  It does seem like a long list.  I hope the Panel can come to agreement on what should
 be changed in the report and  who should make the changes (either particular members or you  and
 the DFOs).
 
Talk to you at 1:00 pm
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Sunday, April 27, 2014 6:18 PM
To: Armitage, Thomas; Goodman, Iris; Zarba, Christopher
Cc: Amanda D. Rodewald
Subject: summary of key points to discuss
 
Hi Tom, Iris, and Chris,
 
I hope that you’re enjoying at least a bit of the weekend.  (Has anyone checked to be sure that Tom
 left the building on Friday??? ;))
 
I’m attaching two documents that may or may not be useful to you.  The first is a summary of the
 key points that I thought came out in the panel comments; these are the issues that seem most
 critical to address.  Please let me know if you think I’m on track and if there are others that I’ve
 overlooked.  This list does not reflect ALL comments, but the ones that seemed most important to
 discuss.
 
The second document is a compilation of major comments from the files that Tom sent last week. 
 I’ve tried to sort them out by topic.  This might be a useful reference during the discussion.
 
Have a nice evening.
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Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
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From: Amanda D. Rodewald
To: Armitage, Thomas
Subject: RE: summary of key points to discuss
Date: Monday, April 28, 2014 11:51:39 AM


Hi Tom,
 
You’re welcome.  I hope it’s useful.  Quick question – should I go ahead and give the public
 commenters 5 min rather than 3 min each as Chris suggested?  I’ll plan on that unless I hear
 otherwise from you.
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Monday, April 28, 2014 11:49 AM
To: Amanda D. Rodewald
Subject: RE: summary of key points to discuss
 
Hi Amanda,
 
Thanks for preparing the great summary of issues. I think you have included the important issues to
 be discussed.  It does seem like a long list.  I hope the Panel can come to agreement on what should
 be changed in the report and  who should make the changes (either particular members or you  and
 the DFOs).
 
Talk to you at 1:00 pm
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
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202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Sunday, April 27, 2014 6:18 PM
To: Armitage, Thomas; Goodman, Iris; Zarba, Christopher
Cc: Amanda D. Rodewald
Subject: summary of key points to discuss
 
Hi Tom, Iris, and Chris,
 
I hope that you’re enjoying at least a bit of the weekend.  (Has anyone checked to be sure that Tom
 left the building on Friday??? ;))
 
I’m attaching two documents that may or may not be useful to you.  The first is a summary of the
 key points that I thought came out in the panel comments; these are the issues that seem most
 critical to address.  Please let me know if you think I’m on track and if there are others that I’ve
 overlooked.  This list does not reflect ALL comments, but the ones that seemed most important to
 discuss.
 
The second document is a compilation of major comments from the files that Tom sent last week. 
 I’ve tried to sort them out by topic.  This might be a useful reference during the discussion.
 
Have a nice evening.
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
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From: Armitage, Thomas
To: Amanda D. Rodewald
Subject: RE: summary of key points to discuss
Date: Monday, April 28, 2014 11:48:00 AM


Hi Amanda,
 
Thanks for preparing the great summary of issues. I think you have included the important issues to
 be discussed.  It does seem like a long list.  I hope the Panel can come to agreement on what should
 be changed in the report and  who should make the changes (either particular members or you  and
 the DFOs).
 
Talk to you at 1:00 pm
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Sunday, April 27, 2014 6:18 PM
To: Armitage, Thomas; Goodman, Iris; Zarba, Christopher
Cc: Amanda D. Rodewald
Subject: summary of key points to discuss
 
Hi Tom, Iris, and Chris,
 
I hope that you’re enjoying at least a bit of the weekend.  (Has anyone checked to be sure that Tom
 left the building on Friday??? ;))
 
I’m attaching two documents that may or may not be useful to you.  The first is a summary of the
 key points that I thought came out in the panel comments; these are the issues that seem most
 critical to address.  Please let me know if you think I’m on track and if there are others that I’ve
 overlooked.  This list does not reflect ALL comments, but the ones that seemed most important to
 discuss.
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The second document is a compilation of major comments from the files that Tom sent last week. 
 I’ve tried to sort them out by topic.  This might be a useful reference during the discussion.
 
Have a nice evening.
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
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From: Amanda D. Rodewald
To: Armitage, Thomas
Subject: RE: summary of key points to discuss
Date: Monday, April 28, 2014 12:08:02 PM


Thanks, Tom.  Will do.
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Monday, April 28, 2014 11:57 AM
To: Amanda D. Rodewald
Subject: RE: summary of key points to discuss
 
Amanda,
 
I think you should tell them they have 3 minutes.  I  have already told them they have 3 minutes, and
 our FR notice also indicated that. But when keeping track of the time you could be flexible and let
 them continue for up to 5 minutes if necessary.
 
Tom
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Monday, April 28, 2014 11:51 AM
To: Armitage, Thomas
Subject: RE: summary of key points to discuss
 
Hi Tom,
 
You’re welcome.  I hope it’s useful.  Quick question – should I go ahead and give the public
 commenters 5 min rather than 3 min each as Chris suggested?  I’ll plan on that unless I hear
 otherwise from you.
 
Best,
Amanda
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Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Monday, April 28, 2014 11:49 AM
To: Amanda D. Rodewald
Subject: RE: summary of key points to discuss
 
Hi Amanda,
 
Thanks for preparing the great summary of issues. I think you have included the important issues to
 be discussed.  It does seem like a long list.  I hope the Panel can come to agreement on what should
 be changed in the report and  who should make the changes (either particular members or you  and
 the DFOs).
 
Talk to you at 1:00 pm
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Sunday, April 27, 2014 6:18 PM
To: Armitage, Thomas; Goodman, Iris; Zarba, Christopher
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Cc: Amanda D. Rodewald
Subject: summary of key points to discuss
 
Hi Tom, Iris, and Chris,
 
I hope that you’re enjoying at least a bit of the weekend.  (Has anyone checked to be sure that Tom
 left the building on Friday??? ;))
 
I’m attaching two documents that may or may not be useful to you.  The first is a summary of the
 key points that I thought came out in the panel comments; these are the issues that seem most
 critical to address.  Please let me know if you think I’m on track and if there are others that I’ve
 overlooked.  This list does not reflect ALL comments, but the ones that seemed most important to
 discuss.
 
The second document is a compilation of major comments from the files that Tom sent last week. 
 I’ve tried to sort them out by topic.  This might be a useful reference during the discussion.
 
Have a nice evening.
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
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From: Armitage, Thomas
To: ljohnson@d.umn.edu; Goodman, Iris
Cc: Goodman, Iris; Carpenter, Tom
Subject: RE: tomorrow
Date: Monday, April 28, 2014 9:38:00 AM
Importance: High


Hi Lucinda,
 
The SAB office is located in the Ronald Reagan Building, 1300 Pennsylvania Avenue, NW.  It might be
 best to take a cab here, but if you take the metro from the airport, you should get off at the Federal
 Triangle stop.
 


Coming in from Pennsylvania Avenue you enter the  courtyard between 12th and 14th streets.  The
 Ronald Reagan Building is on the right.  Enter the Ronald Reagan building from the entrance next to
 the Aria restaurant.  When you come in ask the guard for directions to the EPA lobby.  At the EPA
 lobby tell the guard you are coming to the EPA Science Advisory Board office on the third floor for a
 meeting (suite 31150).  Ask the guard to call Tom Carpenter of our staff (564-4885).  He will come
 down to meet you.
 
Please call me if you have any questions.  Thanks.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
From:  [mailto:  On Behalf Of Lucinda
 Johnson
Sent: Sunday, April 27, 2014 4:30 PM
To: Armitage, Thomas; Goodman, Iris
Subject: tomorrow
 
Hi Tom / Iris;
 
It appears I will not be able to get into a room at my hotel tomorrow until after 3 pm, so I am


(b) (6) (b) (6)
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 going to come directly to EPA for the call tomorrow.  Can you please send me some detailed
 instructions on where to come within the EPA complex.  My flight should arrive before noon,
 so I should in theory be there before the conf call starts.  I had better also have a plan for
 where you want me to go in the event the conf call has already started.
 
Thanks for your help.
 
Lucinda
 
PS- We are expecting an ice storm tonight, so I have my fingers crossed that flights will depart
 as planned, and that I can make it to the airport on time.
 
Ha!
 


-------
Lucinda B. Johnson
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251












From: Amanda D. Rodewald
To: Mazeika Sullivan; Armitage, Thomas; Goodman, Iris
Subject: RE: updated pred text
Date: Friday, May 16, 2014 5:13:37 PM


Hi Mazeika,
 
Thanks so much!  I really appreciate your work on this.
 
Hope all is well at OSU.  I !
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
 
 
 
 
 
From:  [mailto:  On Behalf Of Mazeika Sullivan
Sent: Friday, May 16, 2014 12:13 PM
To: Amanda D. Rodewald; Armitage, Thomas; Goodman, Iris
Subject: updated pred text
 
Hi Amanda - 
 
I made one minor change to the previous version.
 
---------------------------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
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From: Dave Allan
To: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Re: Assignment from the SAB Connectivity Panel teleconferences
Date: Tuesday, May 13, 2014 9:19:05 AM
Attachments: spatial and temporal scale suggestions_Allan.docx


Darst,Light2008_DrierForests.pdf
Light et al 1998.pdf
Poff et al. 1997.pdf


Tom, pls see attached.  If more is needed, I can get back to this next weekend  Dave


J. David Allan
Professor, School of Natural Resources & Environment
University of Michigan
Ann Arbor, MI 48109-1041
dallan@umich.edu
ph. 734.764.6553  fax 734.763.8965
http://snre.umich.edu/profile/dallan


On Fri, May 9, 2014 at 1:35 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Hi Dave,


 


My notes from the Connectivity Panel teleconferences last week indicate that you would
 provide some additional references addressing the spatial and temporal scale of connectivity
 for the three water body types.  These references could be included in Section 3.2 (the
 conceptual model question).


 


Please send me any additional references by May 19th so they can be included in the next
 draft of the report which will be discussed on the June 19th teleconference.  Thanks very
 much.


 


Tom Armitage


 


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)
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Spatial and temporal Scale Suggestions – David Allan 5/1/2014


The gradient of connectivity is largely elucidated through the discussion of spatial and temporal scales.  Because of the importance of this issue, and of providing the EPA Draft Report with advice on how to discuss the gradient of connectivity, I suggest that the section on “Spatial and Temporal Scales (p 19 under Section 3.2.5) be elevated into the connectivity framework. In addition, it should be expanded (i.e., it is not simply one of several “layers of complexity”).  Some topics that appear elsewhere might be gathered into this section, for example the mention of variable source areas (p15-16).


The EPA Report could describe the well-known frequency-magnitude relationship for streamflow and floods, ranging from channel over-topping in 2 years out of three, to decadal and 100 year floods.  Using the 100-year floodplain as an example could allow EPA to make a case for century-scale timelines.  A figure such as Figure 4 in Poff et al. (BioScience, Dec 1997) or other similar figure could easily convey that events of low frequency but high magnitude change the spatial extent of connectivity of surface waters in ways that impact ecosystem function.  Reference to the environmental flows literature (A.H. Arthington, Environmental Flows, 2012 U California Press) could help to establish the broad basis for consideration of the importance of rare and episodic events, again on timescales of decades to centuries.  The EPA Report should clarify that use of flood analysis for rivers is illustrative, and may apply to wetland connectivity, or not.


Transitions to geomorphology (such as debris flows) and ground water connectivity should follow, noting that events occurring on even longer time scales, and connectivity spanning even greater areas, may ensure connectivity that would not be apparent from examination of surface waters . Careful consideration should be given to whether examples of connectivity on the timescale of millennia helps the EPA Report explain connectivity to decision makers.


Overall, the discussion of spatial and temporal scales should be elevated into the discussion of the gradient, and care should be taken that the concept of gradient not be submerged beneath individual examples that imply extremely long time scales or great spatial extent, but may have marginal generality.


I appreciate that these are general comments that require committee consideration, and, if found useful, will require some re-drafting.  I am happy to help with this, but also happy to leave any changes in the hands of those assigned to these sections.


[bookmark: _GoBack]Additional comments 5/13/2014


All of my comments refer to surface water connectivity – others are far better qualified to discuss ground water timelines and debris flow timelines.  I find Dunne and Leopold a good general reference for all such topics.  I’ve attached the Poff paper for its Fig 4.


EPA has a primer on bankful discharge at http://water.epa.gov/scitech/datait/tools/warsss/bankfull.cfm.  It may be useful to point out that rivers do not normally overtop their banks each year, and thus casual observers may be unaware of such events.


USGS has a program for flood frequency analysis that makes estimates for recurrence intervals of 1.5 to 500 years. Although I have been concerned about using time intervals longer than 100-200 years, the fact that this program calculates out to 500 years may help to make the case for a multi-century time frame.  http://water.usgs.gov/software/PeakFQ/


The above suggestions pertain to river flooding, and the experts working on this section may have alternatives they prefer.  I don’t know of any wetland parallels, but did a bit of searching on google scholar for devil’s lake – red river studies, which could make good examples.  I don’t have time to work on this now, but can return to this on the weekend if it would be helpful.  However, I suspect the writing time can do better than I can on this.


For studies of inundation of forested wetlands adjoining rivers, the attached papers by Light 1998 and Darst and Light 2008 may be useful.
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Multiply By To obtain



centimeter (cm) 3.3937 inch
centimeter per year (cm/yr) 0.3937 inch per year



meter (m) 3.281 foot
square meter (m2) 10.76 square foot



cubic meter per second (m3/s) 35.31 cubic foot per second
kilometer (km) 0.3861 mile



square kilometer (km2) 0.3861 square mile
hectare (ha) 2.471 acre



	
Vertical coordinate information is referenced to the North American Vertical Datum of 1929 (NGVD 1929).



Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).



Acronyms
ACF Apalachicola/Chattahoochee/Flint (river basin)



ARQA Apalachicola River Quality Assessment
FDEP Florida Department of Environmental Protection



FI Floodplain Index
FSC Floodplain Species Category
GIS Geographic Information System
GPS Global Positioning System



NWFWMD Northwest Florida Water Management District
NWS National Weather Service



USACE U.S. Army Corps of Engineers
USGS U.S. Geological Survey



Additional abbreviations Study transect abbreviations
ba, basal area BLT, Blountstown
dbh, diameter at breast height BR, Brickyard
Hiblh, high bottomland hardwood CH, Chattahoochee
Loblh, low bottomland hardwood EA, EB, EC, Eichholz A, B, and C
p, probability value MR, Muscogee Reach
rba, relative basal area OR, Old River
rd, relative density PL, Porter Lake
rm, river mile SE, Sweetwater
>, greater than TO, Torreya
<, less than WEW, Wewahitchka
≥, greater than or equal to
≤, less than or equal to
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Drier Forest Composition Associated with 
Hydrologic Change in the Apalachicola River 
Floodplain, Florida



By Melanie R. Darst and Helen M. Light



of the next drier forest type. For all forest types, changes in 
flood durations toward the next drier type were greatest in the 
upper reach (95.9 percent) and least in the lower reach (42.0 
percent). 



All forests are expected to be 38.2 percent drier in 
species composition by 2085, the year when the median age 
of surviving 2004 subcanopy trees will reach the median age 
(99 years) of the 2004 large canopy trees. The change will be 
greatest for forests in the upper reach (45.0 percent). Forest 
composition changes from pre‑1954 to 2085 were calculated 
using Floodplain Indices from 1976 and 2004 tree-size classes 
and replicate plots. 



Species composition in high bottomland hardwood  
forests is expected to continue to change, and some low 
bottomland hardwood forests are expected to become high 
bottomland hardwood forests. Organisms associated with 
floodplain forests will be affected by the changes in tree 
species, which will alter the timing of leaf-out, fruiting, and 
leaf-drop, the types of fruit and debris produced, and soil 
chemistry. Swamps will contain more bottomland hardwood 
species, but will also have an overall loss of tree density.



The density of trees in swamps significantly decreased 
by 37 percent from 1976 to 2004. Of the estimated 4.3 million 
(17 percent) fewer trees that existed in the nontidal floodplain 
in 2004 than in 1976, 3.3 million trees belonged to four swamp 
species: popash, Ogeechee tupelo, water tupelo, and bald 
cypress. Water tupelo, the most important tree in the nontidal 
floodplain in terms of basal area and density, has declined in 
number of trees by nearly 20 percent since 1976. Ogeechee 
tupelo, the species valuable to the tupelo honey industry, has 
declined in number of trees by at least 44 percent.  



Abstract
Forests of the Apalachicola River floodplain had shorter 



flood durations, were drier in composition, and had 17 percent 
fewer trees in 2004 than in 1976. The change to drier forest 
composition is expected to continue for at least 80 more years. 
Floodplain drying was caused by large declines in river levels 
resulting from erosion of the river channel after 1954 and from 
decreased flows in spring and summer months since the 1970s. 
Water-level declines have been greatest at low and medium 
flows, which are the most common flows (occurring about 80 
percent of the time). Water levels have remained relatively 
unchanged during large floods which continue to occur about 
three times per decade.



A study conducted by the U.S. Geological Survey 
compared temporal changes in hydrologic conditions, forest 
composition, forest characteristics, and individual species 
of trees, as well as estimated the potential for change in 
composition of floodplain forests in the nontidal reach of the 
Apalachicola River. The study was conducted with the coop‑
eration of the Florida Department of Environmental Protection 
and the Northwest Florida Water Management District. Forest 
composition and field observations from studies conducted in 
1976-1984 (termed “1976 data”) were used as baseline data 
for comparison with data from plots sampled in 2004-2006 
(“2004 data”).



Flood durations were shorter in all periods subsequent 
to 1923-1976. The periods of record used to calculate flood 
durations for forest data were subsets of the complete record 
available (1923-2004). At sampled plots in all forest types 
and reaches combined, flood durations changed an average 
of more than 70 percent toward the baseline flood duration 
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Greater hydrologic variability in recent years may be the 
reason swamps have had a large decrease in tree density. Drier 
conditions are detrimental for the growth of swamp species, 
and periodic large floods kill invading bottomland hardwood 
trees. The loss of canopy density in swamps may result in the 
swamp floor being exposed to more light with an increase 
in the amount of ground cover present, which in turn, would 
reduce tree replacement. The microclimate of the swamp 
floor would become warmer due to the decrease in shade and 
inundation. Soils would become dehydrated more quickly 
in dry periods and debris would decompose more quickly. 
A loss of tree density in swamps would lead to a decrease 
in tree and leaf litter biomass, which would have additional 
effects on swamp organisms. The loss of litter would result in 
a loss of substrate for benthic organisms in the floodplain and, 
ultimately, in the downstream waters of the river and estuary.



Introduction 
The Apalachicola River is a large alluvial coastal plain stream 
with an extensive forested floodplain. Many species of plants 
and animals, both aquatic and terrestrial, live in the diverse 
aquatic and wetland habitats found in river floodplains. During 
floods, floodwaters are contained within floodplains and, when 
waters subside, floodplain soils retain moisture, ameliorating 
the effects of both floods and droughts, and improving water 
quality by removing contaminants. The benefits of protecting 
and maintaining healthy floodplain ecosystems have been 
described by many authors (Brinson and others, 1981; Clark 
and Benforado, 1981; Wharton and others, 1982; Davis 
and others, 1996; Messina and Conner, 1998; Mitsch and 
Gosselink, 2000). 



Hydrology is the most important factor determining 
ecological processes in floodplains (Greeson and others, 1979; 
Gosselink and others, 1990; Lugo and others, 1990; Carter, 
1996). Inundation, soil saturation, flood depths, and flowing 
water affect plant regeneration and survival and the conse-
quent composition of floodplain forests (Light and others, 
1993; 2002). Increased demands for water in the Apalachicola-
Chattahoochee-Flint (ACF) River Basin (fig. 1) have resulted 
in conflicts among water-user groups in the States of Georgia, 
Alabama, and Florida, particularly during periods of regional 
drought. The effects of altered hydrologic conditions on flood-
plain forests, streams and sloughs, and the downstream river 
and estuary are important issues to be considered in resolving 
these conflicts. 



The effects of drier hydrologic conditions on forest 
composition in river floodplains are usually not imme-
diately evident, but gradual shifts in composition from 
flood-tolerant species to species of drier sites are expected 
to occur over time (Klimas, 1988). Results from a study by 
Palta and others (2003) indicate that decreased tree-diameter 
growth and possible changes in forest composition due to 
invading upland and exotic species were linked to changes 



in hydrology following dam construction on the Savannah 
River. Other effects of altered flow regimes on the Savannah 
River might be decreased seed transport and inhibition of seed 
germination and early growth in bald cypress and water tupelo 
seedlings. In these studies, floodplains have experienced 
either a decrease or an increase in flood durations. This report 
addresses the changes in Apalachicola River floodplain forests 
caused by drier conditions during low and medium flows 
without a significant change in conditions during large flood 
events.



Purpose and Scope 



A study was conducted by the U.S. Geological Survey 
(USGS) with the cooperation of the Florida Department of 
Environmental Protection (FDEP) and the Northwest Florida 
Water Management District (NWFWMD) to assess changes 
that have occurred in forests in the nontidal floodplain of the 
Apalachicola River. The objectives of this report are to:



Compare 1976 to 2004 hydrologic conditions in •	
floodplain forests 



Compare 1976 to 2004 composition of floodplain •	
forests



Describe changes in other forest characteristics, •	
including changes in abundance of individual species 
of trees



Estimate the potential for future change in composition •	
of floodplain forests.



The study area includes the nontidal reach of the 
Apalachicola River from the Jim Woodruff Dam at river mile 
(rm) 106.4, downstream to the beginning of the tidal reach at 
rm 20.6 (fig. 2). Fieldwork conducted to sample 2004 forest 
composition was performed from October 2004 to August 
2006.
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Figure 1.  Drainage basin of the Apalachicola, 
Chattahoochee, and Flint Rivers in Florida, 
Georgia, and Alabama.
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Setting and Background



The Apalachicola River is formed by the confluence of 
the Chattahoochee and Flint Rivers near the Georgia-Florida 
State line (fig. 1). The ACF basin covers an area of 50,800 
square kilometers (km2). The Chattahoochee and Flint Rivers 
in Georgia and Alabama drain about 90 percent of the basin. 
The remaining 10 percent of the basin, located primarily 
in Florida, is drained by the Apalachicola River and its 
largest tributary, the Chipola River. The Apalachicola River 
floodplain is the largest floodplain in Florida with 33,300 
hectares (ha) of bottomland hardwood forests and swamps 
in the nontidal reaches. More than 70 tree species grow in 
the Apalachicola River floodplain, ranking this area as high 
among North American floodplains in tree species richness 
(Brinson, 1990). 



Floodplain Study Area and Forest Types



The floodplain of the Apalachicola River is the land 
covered by water from the river during the typical annual 
flood (2-year, 1-day high flow). Flooding usually occurs in 
late winter through early spring with low flows in September 
through November (Leitman and others, 1984). The floodplain 
is within the physiographic area called the Coastal Lowlands 
(Puri and Vernon, 1964), an area that is generally low in 
elevation; the fall of the nontidal river from its head at Jim 
Woodruff Dam to rm 20.6 is about 12.5 meters (m) over a 
stream length of 137 km (Light and others, 2006), an average 
gradient of 0.09 meter per kilometer (m/km). Soils in the 
nontidal Apalachicola River floodplain are predominantly clay 
with some silt-clay and clay loams. Sandy soils are found on 
sandbars, high ridges, and levees.



The nontidal floodplain of the Apalachicola River is 
divided into three reaches (fig. 2). The upper reach begins 
just below Jim Woodruff Dam at rm 106.4 and extends about 
47 km downstream to a streamflow gaging station (gage) 
located near Blountstown at rm 77.5. The middle reach is 
the longest reach, about 58 km long, ending at a gage near 
Wewahitchka at rm 41.8. The nontidal lower reach is about 
34 km long, extending from Wewahitchka to a gage near 
Sumatra at rm 20.6. In the upper reach, the floodplain is 
2-3 km wide with high bluffs on the eastern bank. The flood‑
plain valley widens in the middle and lower reaches to 
a maximum width of 6-8 km. The tidal reach was not included 
as part of this study.



The lowest elevations of the floodplain (excluding 
permanent open-water bodies) are tupelo-cypress swamps 
that are continuously flooded for 4 to 9 months each year. 
Low bottomland hardwood (Loblh) forests are present on low 
ridges and flats where continuous flooding lasts 2 to 4 months 
yearly. High bottomland hardwood (Hiblh) forests grow on the 
higher elevations of the floodplain (levees and ridges) that are 
commonly inundated for 2 to 6 weeks each year (Leitman and 
others, 1984).



 Population and development along the river are rela‑
tively sparse. Timber interests control large parts of the upper 
and middle reaches of the floodplain, but the lower reach is 
now principally conservation lands owned by the State of 
Florida. Cypress trees were systematically logged throughout 
the floodplain from the 1880s to the 1920s, and only a small 
number of very large, old cypresses remain today. Most of the 
logging of the past was selective cutting for desirable timber 
trees (Neal Land and Timber Company, oral commun., 2004), 
but more recently, many areas of the floodplain have been 
clear-cut or nearly so. Aerial photographs of the floodplain 
taken in 1941 show a mostly continuous forest canopy with 
faint striations that were probably caused by draglines from 
the removal of cypress trees (fig. 3).



Water-Level Decline in the Apalachicola River



Water levels have declined over the past 50 years as 
a result of both erosion of the river channel locally and 
decreased spring and summer flows from the upstream 
watershed (Light and others, 2006). The combined effects 
of both types of water-level declines vary by location along 
the river and have been greatest at low and medium flows of 
less than 850 cubic meters per second (m3/s) (30,000 cubic 
feet per second (ft3/s)), which are the most common flows 
(occurring about 80 percent of the time). Declines have 
been most severe during drought conditions in the spring 
and summer months of April, May, July, and August, with 
river levels 1.9 m lower at the Chattahoochee gage and 0.9 m 
lower for most of the remaining nontidal river (fig. 4). Water 
levels have not declined appreciably during large floods of 
2,830 m3/s (100,000 ft3/s) or greater, which continue to occur 
as frequently as prior to 1954 (about three times per decade).



In the upper 64 km of the Apalachicola River, water-level 
declines caused by channel erosion occurred primarily as a 
consequence of the construction of Jim Woodruff Dam in 
1954. Trapping of sediment in the reservoir formed by the dam 
resulted in the scour of riverbed sediments downstream from 
the dam. The influence of the dam on bed scour was greatest 
just downstream from the dam, where a decline of 1.5 m 
occurred, and progressively decreased with increasing distance 
from the dam to a decline of 0.3 m about 16 km downstream 
from Blountstown. The relatively large water-level decline of 
0.9 m near rm 35 in the lower reach of the river (fig. 4) was 
probably a result of several meander cut-offs (rerouting of 
the river channel at bends in the river) constructed in 1956 
and 1969 that shortened the length of the river in the lower 
reach by 3.2 km. (When river straightening shortens a river, 
it steepens the slope of the riverbed, increasing flow velocity 
and, therefore, increasing bed scour.) In addition, dredging, 
dredged material disposal, snagging (dead tree removal), 
and other navigational improvements conducted throughout 
the entire nontidal river probably contributed to water-level 
declines in all reaches. Channel maintenance practices were 
changed in the late 1970s to reduce environmental impacts. 
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Figure 2.  Major reaches, forest sampling 
transects, and locations of long-term 
streamflow gaging stations on the 
Apalachicola River, Florida.
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Figure 3.  The forest canopy in 
1941 in the vicinity of the BLT 
transect on the Apalachicola 
River floodplain, Florida. 
The tree canopy appears 
relatively mature and nearly 
continuous despite the removal 
of cypress trees that primarily 
took place from the late 1880s to 
the early 1920s.



Figure 4.  Long-term water-level decline 
corresponding to map location on the 
Apalachicola River, Florida, in April, 
May, July, and August during drought 
conditions. Drought conditions are 
defined as the lowest 10 percent 
of the flows. See Light and others 
(2006) for methods used to calculate 
these data and for results individually 
by month at one location (rm 77.5).
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As a result, additional water-level declines from channel 
erosion since the late 1970s have been relatively minor (Light 
and others, 2006). 



Decreased spring and summer flow from the upstream 
watershed during drought conditions have resulted in further 
declines since 1975 that have lowered water levels throughout 
the entire river. Water-level declines caused by these seasonal 
decreases in flow have been similar to or greater than the 
declines caused by channel erosion along 90 km of the river 
and for more than two-thirds of the nontidal floodplain 
primarily in the middle and lower reaches (fig. 4). Less flow 
during the spring and summer in recent decades is likely 
caused by a combination of changes in rainfall patterns 
and increased human activities in the ACF basin, including 
agricultural irrigation, municipal water use, flow regulation, 
and reservoir evaporation (Light and others, 2006). 



Influence of Flooding on Tree Seedling 
Regeneration in Floodplain Forests



Overbank flooding subjects floodplain forests to inunda‑
tion, saturation, or flowing water conditions. Seeds of trees in 
the floodplain usually do not germinate underwater, so seed‑
lings become established between floods. The long duration of 
inundation and deep flooding that occur in floodplain swamps 
control forest composition primarily through a process of 
exclusion, drowning the seedlings of most bottomland hard‑
wood species before they can become established (Hosner, 
1960; Light and others, 1993). The seedlings of two common 
swamp trees, water tupelo and bald cypress, are more likely 
to survive in swamps because they grow faster than most 
bottomland hardwood species (Harms, 1973; Brown, 1984). 
Taller seedlings are less likely to be totally submerged by 
floods. Swamp tree species also have various physiological 
adaptations for growing in saturated, anoxic soils (Harms, 
1973; Hook and Crawford, 1978; Brown, 1984). Solitary 
individuals of bald cypress grow well at higher elevations 
in the floodplain, and even do well when planted on upland 
sites, but natural stands with large numbers of bald cypress 
trees are present only where flooding lasts long enough to 
limit competition from other species. Limited competition is 
also a necessary prerequisite for the establishment of water 
tupelo trees, but unlike bald cypress, water tupelo requires 
wet conditions to thrive in the seedling stage and will not 
grow well under drier conditions (Applequist, 1959a, 1959b; 
Dickson and others, 1965). More tree species are adapted for 
survival in bottomland hardwoods where flood durations are 
shorter than in swamps. Bottomland hardwood species that 
recover quickly from periods of inundation and saturation 
in the growing season have a competitive advantage in river 
floodplains over upland species. 



Methods
Basal area, density, and other characteristics of forest 



composition were sampled using different methods in several 
studies conducted from 1976 to 1984 and in the present study 
from 2004 to 2006. River stage records at each forest transect 
were estimated from long-term streamgage records and used 
to calculate flood duration, depth, and frequency by forest 
type and reach. 



Forest Sampling



Four previous forest sampling studies conducted from 
1976 to 1984 provided baseline information for the current 
study: 



The Leitman thesis study (Leitman, 1978) (hereafter •	
called the “thesis study”)



The Apalachicola River Quality Assessment (ARQA) •	
study (Leitman and others, 1984)



The Eichholz study (Eichholz and others, 1979)•	



The Gholson study (Gholson, 1985). •	
Forest sampling was repeated during the current study in 
2004-2006 at many of the sites sampled previously from 
1976-1984. 



Quantitative results from the thesis study (conducted 
from 1976 to 1977) and the ARQA study (conducted in 1979) 
are collectively referred to as “1976 data,” and recent sampling 
(conducted from 2004 to 2006) is referred to as “2004 data.” 
The 1976 and 2004 data were collected at 12 transects in the 
nontidal river floodplain (fig. 2). The following abbreviations 
are used throughout this report for identifying the transects: 
CH, Chattahoochee; TO, Torreya; SE, Sweetwater; BLT, 
Blountstown; OR, Old River; MR, Muscogee Reach; PL, 
Porter Lake; WEW, Wewahitchka; EA, EB, and EC, Eichholz 
transects A, B, and C; and BR, Brickyard. 



A comparison of methods used to collect and analyze 
1976 and 2004 data is presented in table 1. All individual 
sample points and plots in this study are called “plots” regard‑
less of sampling methods used to obtain data. 



Thesis Study, 1976-1977



The objective of the thesis study was to correlate 
elevations, water levels, and soils to tree communities on 
the Apalachicola River floodplain. Two transects, BLT 
and WEW, were located near gaging stations on the river 
and were each about 1 ha in size (Leitman, 1978). All 
trees greater than or equal to (≥) 7.5 centimeter (cm) in 
diameter at breast height (dbh) were identified, measured 
for dbh, surveyed for elevation, and mapped using an 
alidade and plane table. Buttressed, forked, or deformed 
trees were measured for dbh according to methods in Avery 
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(1967). Trees with multiple trunks were counted as one tree, 
and only the largest trunk was measured for dbh. The cross-
sectional area of each tree trunk was computed from the 
dbh (area = π * (dbh/2) 2) and summarized as basal area in 
square meters per hectare. Density was determined as the 
number of trees per hectare. Transects were subdivided into 
11 plots (5 at BLT, 6 at WEW) based on ground elevations 



and species associations. Species dominance at plots was 
calculated as relative basal area (rba; the sum of basal area 
for all trees of each species divided by the total basal area 
at each plot) and as relative density (rd; the total number of 
trees of each species divided by the total number of trees on 
each plot). Data collection took place from September 1976 
to September 1977.



Table 1.  Methods used to collect and analyze 1976 and 2004 composition data from forests of the Apalachicola River floodplain, Florida.



[ARQA, Apalachicola River Quality Assessment; cm, centimeter; dbh, diameter at breast height; GIS, geographic information system; GPS; global positioning 
system; ha, hectare; m, meter; m2, square meters; rm, river mile]



Task or parameter 
sampled



Sampling and analysis methods



1976 Data



2004 Data
Thesis transects a



ARQA  Data b 



Cruise transects Intensive Plots



Location and 
selection of 
sampling transects, 
points, and plots



Transects (BLT and WEW) placed 
near gages. Sites selected for 
relatively undisturbed, mature 
forest appearance and presence 
of all forest types. Sites subdi-
vided into 11 plots (5 at BLT, 6 at 
WEW c) based on ground eleva-
tions and species associations.



Transects spaced at regular 
intervals along the downstream 
gradient.Transect at rm 29 and 
parts of two other transects 
not sampled due to logging or 
agricultural use. Points spaced at 
regular intervals (usually 91.5 m 
apart) along transects.



Plots located on two ARQA 
cruise transects (SE and BR). 
Plots selected for relatively 
undisturbed, mature forest 
appearance.



Approximate location of most 
plots determined on GIS and 
then located in field using 
GPS. Exact location of BLT 
and WEW plots established in 
field. Plots typically placed in 
relatively undisturbed, mature 
forests.



Tree sampling  
method



All trees within a defined area iden-
tified and measured. Trees mapped 
using alidade and plane table.



Cruise sampling using glass  
wedge prisms to select trees to  
be identified and measured.



All trees in a plot with an 
area of 506 m2 identified and 
measured.



All trees in plot with an area 
of 531 m2 identified and mea-
sured. Surviving original trees 
at BLT and WEW transects 
identified, tagged, and mea-
sured; new trees identified and 
measured.



Sizes of trees  
sampled



All trees with dbh ≥ 7.5 cm



No size limits. Original data 
included 42 trees with dbh ≥ 2  
and < 7.5 cm that were not used  
in analysis.



All trees with dbh ≥ 7.5 cm



All trees with dbh ≥ 2.5 cm. 
For trees with dbh ≥ 2.5 and 
< 7.5 cm, dbh recorded as 
“less than” (exact dbh not 
recorded).



Dates of data 
collection



September 1976 to  
September 1977



August 1979 to  
December 1979



August 1979 to  
December 1979



October 2004 to  
August 2006



Calculation of 
basal area basal area = πr2



The basal area of every tree 
sampled at each cruise transect 
point was equal to the basal area 
factor of the prism used at that 
point.d



basal area = πr2 basal area = πr2



Calculation of  
density



density = number of trees/ha
3183.0989/(dbh X PRF)2, where 
PRF = “plot radius factor” for 
prism used.d



density = number of trees/ha density = number of trees/ha



a Leitman (1978).
b Leitman and others (1984).
c One plot on a point bar with a young pioneer forest was not included in this study.
d Calculations of basal area and density based on Avery (1967).
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Apalachicola River Quality Assessment (ARQA) 
Study, 1979



The ARQA was part of a national USGS river water-
quality assessment program. One of the objectives of the 
ARQA was to relate the distribution and composition of 
floodplain forests to hydrologic conditions. Vegetation 
data for ARQA studies was collected at two types of sites, 
cruise transects and intensive plots, employing two different 
sampling methods.. Forests on cruise transects were sampled 
with methods that were developed to enable timber cruisers 
to rapidly assess the overall condition of large forest stands 
by sampling at many points with a minimum amount of 
data collected at each point (Kulow, 1965; Avery, 1967). 
Forests at intensive plots were sampled using standard plot-
sampling methods to quantify forest composition in more 
detail (Leitman and others, 1984). Vegetative data collection 
at ARQA cruise transects and intensive plots began in August 
1979 and continued through December 1979.



Cruise Transects



Seven cruise transects (CH, TO, SE, OR, MR, PL, 
and BR) across the floodplain were approximately equally 
spaced from the Jim Woodruff Dam at Chattahoochee to just 
downstream from the gage at Sumatra (fig. 2). One of these 
transects, PL, did not span the full width of the floodplain 
because of logging activities. No transect was surveyed 
between the Wewahitchka gage and the Sumatra gage because 
of clear-cutting at the selected location. Although the BR 
transect is 0.8 rm downstream from the Sumatra gage, data 
from the eastern half of the transect were included in the 
current study, because tidal influence is minimal in forests 
on the eastern end of the transect. An eighth cruise transect 
located downstream from BR was not used in the current 
study, because the transect was tidally influenced. Locations 
of transects in the field were determined using USGS quad‑
rangle maps and field-reckoning techniques. Cruise-transect 
sampling points were usually spaced at 91.5 meter (m) 
intervals across each transect, determined by pacing along a 
predetermined bearing using a handheld compass.



Sampling at each point along cruise transects 
was conducted using glass wedge prisms. The prism-
sampling method uses no minimum tree diameter limit and 
no defined plot size. Species, dbh, and prism basal area 
factor were recorded for every tree sampled at each point. 
The prism basal area factor was selected in the field based 
on the heterogeneity of the plot and the optimum number of 
trees per sample. Basal area and density were calculated for 
tree species at sampled points using the formulas listed in 
table 1 which were developed for timber cruising using the 
prism-sampling method (Kulow, 1965; Avery, 1967). Although 
data from cruise transects were obtained at sampling points, 
all locations where data were collected are referred to as 
“plots” for convenience when discussing data from multiple 



studies. ARQA cruise-transect data were the only data 
used in this report that were collected by using the prism-
sampling method.



Five forest types designated A through E were defined 
using the conventions of Eyre (1980). Types A and B were 
bottomland hardwood forests and C, D, and E were swamp 
types. Out of 160 cruise-transect plots surveyed in the nontidal 
reaches, 13 plots were not assigned forest types because forest 
definitions did not cover all possible compositions and were 
not mutually exclusive.



Intensive Plots



At 16 intensive plots on two of the cruise transects (SE 
and BR) hydrologic and vegetative data were collected more 
intensively than at cruise-transect plots. Five of the intensive 
plots on the western end of the BR transect were not used in 
the current study because of tidal influence. Intensive plots 
were located on or close to the cruise transects in all forest 
types. The optimum plot size was determined by conducting 
a nested-plot test (Mueller-Dombois and Ellenberg, 1974). 
Intensive plots were square and 506 square meters (m2) in 
area. Rules for determining dbh and basal area were similar 
to those used on the thesis plots (Leitman, 1978). Species and 
diameter were determined for every tree in the plot with a 
dbh ≥ 7.5 cm. Calculations of basal area, rba, density, and rd 
were made for species in each plot. Forest-type designations 
were the same as those developed for cruise transects.



Eichholz Study, 1978
The purpose of the Eichholz study was to assess 



the impact of U.S. Army Corps of Engineers (USACE) 
dredged material disposal practices on fish and wildlife 
resources of the Apalachicola River (Eichholz and others, 
1979). Twelve spoil disposal sites were selected for sampling; 
five of these sites were located in the nontidal part of the 
floodplain. At each site, transects perpendicular to the river’s 
edge were established across spoil sites and in adjacent 
areas not affected by disposal. The unaffected transects 
were controls for assessing the effects of disposal practices. 
Site maps were created and points at 30-m intervals along 
transects were sampled using a point-centered quarter method. 
Ash (Fraxinus) and gum (Nyssa) trees were not identified 
to species. Data were collected in November 1978. Average 
percentage cover for species for entire transects was summa‑
rized in tables, but forest composition at the original sampling 
points is unknown because the raw field data from this study 
are not available. Although quantitative forest composition 
data from the Eichholz study were not used in the current 
study, 1978 site maps and summarized forest data were helpful 
in classifying 22 new plots that were located on three Eichholz 
control-site transects (EA, EB, and EC) and sampled in the 
2004 data. In addition, lists of species from the Eichholz study 
were compared with 2004 data for analysis of the distribution 
of species.
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Gholson Study, 1984
The purpose of the Gholson study was to collect 



vegetation data on and near within-banks disposal sites 
and compare it to vegetation on undisturbed sites to assess 
biological impacts of within-banks disposal (Gholson, 
1985). A total of 17 study sites were located along the main 
channel, 11 of which were located in the study area of the 
current study (5 at disposal sites, 6 at nondisposal sites). 
During the months of October and November 1984, a 
large area was surveyed at each site for plant species in 
several topographic zones defined by Gholson. Results in 
the Gholson report include lists of plant species from all 
strata, maps, photographs, and a brief description of the 
condition and aspect of each site. Lists of species from the 
Gholson study were compared with 2004 data for analysis of 
the distribution of species.



Current Study, 2004-2006
Forest composition was sampled at 95 plots located 



along 12 transects (2 thesis transects, 7 ARQA cruise 
transects, and 3 Eichholz transects). At the thesis transects 
(BLT and WEW), the exact location of the plots was recov‑
ered and surviving individual trees were remapped. Part of 
the original levee plot at BLT had eroded into the river, and 
the WEW transect was logged sometime between 1999 and 
2004, completely destroying two of the original six plots 
(fig. 5). Two plots (one was an old sandbar that was not used 
in the current study) remained intact, and two plots were 
partially intact. Comparisons between 1976 and 2004 forest 
composition for damaged plots were based on partial plots 
with boundaries defined by the 2004 extent. 



The exact locations of original ARQA cruise transects, 
ARQA intensive plots, and Eichholz transects were not 
recoverable, so transects were drawn on Geographic 
Information System (GIS) maps using maps, aerial photo‑
graphs, and field notes from the original studies. The coor‑
dinates of plots to be sampled were determined in the office 
on GIS maps to reduce the possibility of being subjectively 
located in the field. Plots in the most undisturbed areas of 
forests were selected for sampling in the field from the set of 
predetermined locations after traversing the entire transect. 
Three plots (two at OR and one at MR) were located 
between cruise-transect plots in homogeneous sections of the 
OR and MR transects because the predetermined plot loca‑
tions were in transitional areas. Two plots were located in 
undisturbed areas near the CH and WEW transects, because 



the predetermined plots had been clear-cut. Twenty-two 
plots at the Eichholz transects were spaced 50 m apart to 
prevent unintentional overlap resulting from global posi‑
tioning system (GPS) error. Although the original Eichholz 
data collected in 1978 could not be used in this study, new 
plots along the Eichholz transects (EA, EB, and EC) were 
added to the 2004 data to provide information on forest 
composition and hydrologic conditions in a part of the lower 
reach that was not otherwise sampled. 



Replicate plots sampled in 2004 were placed at the 
exact location as thesis plots or as close as possible to the 
location of other (non-thesis) plots sampled in 1976. There 
were 71 pairs of replicate plots, each of which had a 1976 
sample and a 2004 sample for a total of 142 plots. The repli‑
cate plot group does not include 110 plots sampled in 1976 
that were not replicated in 2004, and 24 plots sampled in 
2004 that had no 1976 replicates (1 near CH transect, 1 near 
WEW transect, and 22 at EA, EB, and EC.



Plots in the 2004 dataset (with the exception of extant 
thesis plots) were circular with a 13 m radius and an area 
of 531 m2, and were created using fiberglass tape and 
flagging to delineate the outer perimeter. All trees with a 
dbh ≥ 7.5 cm (termed “canopy trees” in this report) were 
identified to species and measured for dbh. Common names 
of tree species are used throughout this report. A list of 
common and scientific names is given in appendix 1. Rules 
for determining dbh and basal area were the same as those 
used on the thesis and ARQA intensive plots. In addi‑
tion to canopy data, trees with a dbh less than (<) 7.5 cm 
but ≥ 2.5 cm and greater than (>) 3 m in height (termed 
“subcanopy trees”) were identified to species and counted. 
Exact dbh measurements were not recorded for subcanopy 
trees. Subcanopy dominance was based on density, because 
it is an appropriate measure of dominance of trees with small 
dbhs. Calculations of basal area, rba, density, and rd (density 
and rd only for subcanopy trees) were made for individual 
species at each plot.



 A visual estimate of the extent of ground cover 
was made and the dominant ground-cover species recorded. 
If surface water was present, a percent estimate of the extent 
of the plot covered by water and the depth of water was 
noted. A numbered aluminum tag was nailed into the tree 
closest to the center of each plot. Plots may be recoverable 
for future surveys depending on the accuracy of GPS loca‑
tions, logging activities, and the survival of marked trees.
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Figure 5.  Changes at the WEW transect on 
the Apalachicola River floodplain, Florida, from 
1959 to 2004. When the transect was originally 
established in 1976, there was a young pioneer 
forest at the south end that is visible in the 
1979 photograph but was unvegetated and 
under water in 1959 photograph. The 2004 
photograph shows continued accretion on 
this point bar extending well beyond the south 
end of the transect. The red arrow on the 
2004 photograph indicates a small remnant of 
swamp that was left after most of the transect 
was clear cut.
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Analysis of Forest Data



Rules for determining forest types for 1976 plots were 
developed using dominance of species. Basal area and 
density from all plots were weighted by area of forest types to 
determine the composition of 1976 and 2004 forest types and 
the abundance of species throughout the nontidal floodplain. 
Replicate plot data were used to calculate average basal area 
and density for forest types and species groups. Growth rates, 
tree ages, mortality, and recruitment of tree species were 
calculated from the data on individual trees available from the 
thesis plots. A Floodplain Index (FI) was developed to quan‑
tify and compare composition of forests on a scale of relative 
wetness or dryness from swamp to upland forests. 



Forest Type Determinations using Floodplain 
Species Categories



Forest types for all plots in the 1976 data were redeter‑
mined using the dominance of species weighted by a factor 
developed in this study called the Floodplain Species Category 
(FSC). The assignment of FSCs to tree species was based 
principally on the typical habitat where tree species grew on 
the Apalachicola River floodplain during 1976-1979. Species 
were grouped into four categories, FSC1, FSC2, FSC3, and 
FSC4, with corresponding values from 1 to 4. FSC1 species 
were more dominant in swamps; FSC2 species were more 
dominant in Loblh; FSC3 species were more dominant in 
Hiblh; and FSC4 species were atypical bottomland hardwood 
species or upland species that were found on the higher eleva‑
tions of the floodplain. Additional sources of information used 
to determine FSCs for species were dominance patterns on 
five other north Florida stream floodplains (Light and others, 
1993, 2002), wetland indicator status (Reed, 1988), and other 
accounts of tree species (Fowells, 1965; Clark and Benforado, 
1981). The FSC assigned to each species in the 1976 and 2004 
data is listed in appendix 1. 



All plots from the 1976 data were redetermined as three 
forest types: Hiblh, Loblh, and swamps by applying rules 
based on the dominance of species weighted by FSC catego‑
ries (table 2). Rules were designed to be mutually exclusive 
and to yield a type determination for all possible forest compo‑
sitions. Canopy dominance was calculated from basal area in 
this study, because basal area more closely represents cover 
or biomass for canopy trees than density. Previous studies in 
the Apalachicola River and on other north Florida streams 
used basal area as the principal determinate of forest type. 
An example of the calculation of forest type for a hypothetical 
forest plot is shown in table 2.



Redeterminations using the above rules resulted in forest 
types that were like those used in the ARQA study (Leitman 
and others, 1984), with Hiblh similar to their “Type A” forest, 
Loblh forest similar to “Type B”, and swamps analogous 
to forest types C, D, and E. Other forest types used in the 
ARQA study (“Pioneer” and “A/pine”) were not included in 



the present study. Previous rules for determining forest types 
used by Leitman and others (1984, p. A31) were not mutually 
exclusive, and 8 percent of the cruise-transect plots remained 
unclassified in that study, because they did not fit any of the 
forest types. Using the new rules, 4 cruise-transect plots (out of 
a total of 160) and 1 ARQA intensive plot changed forest type 
from that which was originally assigned, and all 13 previously 
unidentified cruise-transect plots were given a forest type. 



To measure change from baseline (1976) to recent (2004) 
conditions, plots sampled in 2004 needed to be assigned 
the same forest type as the original plot in 1976, regardless 
of their 2004 composition. Therefore, all forest type deter‑
minations for the 2004 data were based on the forest types 
determined for 1976 plots from the rules created in this study. 
At the 24 plots that did not have a replicate in 1976 (1 at CH; 
1 at WEW; and 22 at EA, EB, and EC), the 1976 forest types 
were estimated by locating the plots on 1979 aerial infrared 
photographs and designating a 1976 forest type based on 
visual signatures, site maps (Eichholz and others, 1979), and a 
floodplain forest map (Leitman, 1984). Throughout this report 
all 1976 and 2004 data are grouped by the redetermined 1976 
forest types.



Basal Area and Density 
Basal area and density of species from all plots (181 plots 



sampled in 1976 and 95 plots sampled in 2004) were weighted 
to determine the composition of each forest type throughout 
the entire nontidal floodplain and to provide information on 
changes from 1976 to 2004 in the total basal area and number 
of trees in the floodplain. The same analysis of basal area and 
density of species was repeated using unweighted data from 
the replicate plots (71 pairs, 142 plots). Changes in basal area 
and density from 1976 to 2004 for all plots and for replicate 
plots were statistically analyzed using t-tests (paired two-
sample test for means). 



Species Composition of Forest Types



Forest type composition was calculated separately for the 
two 1976 sampling-methods sets: (1) ARQA cruise-transect 
data, sampled with prisms without defined plot sizes and 
(2) thesis and ARQA intensive-plot data combined, sampled 
with defined plot sizes. The separation of the 1976 data into 
the two sets was done to allow a comparison of composition 
determined by the two different sampling methods. Basal 
area and density for each species were determined for each 
plot individually. Data from each plot were considered equal, 
regardless of plot size. Data from all plots in each forest type 
in each reach were summed and then divided by the number of 
plots to yield the average basal area and density values of each 
forest type in each reach. 



 Average basal area and density of species in each forest 
type for each reach were weighted by a factor based on 
the area of each forest type in each reach of the floodplain. 
Weighting was necessary for several reasons: (1) forest types 
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Table 2.  Use of Floodplain Species Categories to calculate forest types for plots sampled in the Apalachicola River 
floodplain, Florida.



[The Floodplain Species Category (FSC) is based on the typical forest association for the species in 1976 data. Hiblh, high 
bottomland hardwood; Loblh, low bottomland hardwood; rba, relative basal area; >, greater than; ≥, greater than or equal to; 
<, less than; %, percent]



            FSC  
          Value Occurrence and dominance in 1976 Apalachicola River floodplain forests



      1 More dominant in swamps
      2 More dominant in Loblh
      3 More dominant in Hiblh
      4 Atypical bottomland hardwood or upland species



Example of forest type calculation for a hypothetical forest plot:



Species a Rba,  
in percent



FSC value
Rba of   



FSC2 species,  
in percent



Rba of   
FSC3 species,  



in percent



Rba of   
FSC4 species,  



in percent



water hickory   26.6 2 26.6    



American elm     2.6 2   2.6    



hackberry   23.0 3   23.0  



sweetgum   19.9 3   19.9  



box elder   14.9 3   14.9  



water oak     2.4 3   2.4  



persimmon     1.8 3   1.8  



possum haw     0.5 3   0.5  



winged elm     8.3 4     8.3



        Total 100.0 29.2 62.5 8.3



Rules for defining forest types:



Swamp Total rba of FSC1 species ≥ 50%



Loblh Total rba of FSC1 + FSC2 species ≥ 50% and total rba of  FSC1 is < 50%



Hiblh Total rba of FSC3 + FSC4 species ≥ 50% and total rba of FSC4 is < 50%



Upland Total rba of FSC4 species ≥ 50%



Application of rule to determine forest type in above example:



Total rba of FSC3 + FSC4  species ≥ 50% and total rba of FSC4 species is < 50%,  
so forest type is Hiblh.



a See appendix 1 for scientific names.











14    Drier Forest Composition Associated with Hydrologic Change in the Apalachicola River Floodplain, Florida



change in species composition from the upper to the lower 
reach, (2) forest types vary in area from reach to reach, and 
(3) sampling was not done in either 1976 or 2004 in propor‑
tion to the amount of each forest type in each reach. The areas 
of forest types in each reach were derived from a digitized and 
edited GIS version of a floodplain map created by Leitman 
(1984). The areas of forest types in each reach and the 
weighting factors are shown in appendix 2.



Weighting factors were applied to average species 
composition data in each reach and results were combined 
for each forest type to yield the composition of forest types 
in the nontidal floodplain for each of the two 1976 sampling-
methods sets. The two 1976 sampling-method sets were 
compared statistically using the Wilcoxon matched-pairs 
signed-ranks test to see if there were significant differences 
between the two sets. The number of trees sampled on cruise 
transects (1,401) was nearly equal to the number of trees 
sampled at thesis and ARQA intensive plots (1,570) (table 3). 
The weighted species compositions of the two 1976 sampling-
methods sets were averaged together to yield the final 1976 
species composition. Data from plots sampled in 2004 were 
averaged, weighted, and combined by the same methods 
as each 1976 sampling-method dataset. Forest type species 
composition was based on all available 1976 data (from 181 
plots) and 2004 data (from 95 plots).



Abundance of Tree Species throughout the Nontidal 
Floodplain



Total basal area and number of trees in the nontidal 
floodplain were calculated for 15 important tree species and 
for all other species combined using weighted data from all 
1976 and 2004 plots. Data from forest types were combined 
in this analysis to assess the overall change in the abundance 
of species in the nontidal floodplain regardless of forest 
type. T-tests were used to test the significance of differences 
between the 1976 and 2004 weighted data and to determine 
the significance of differences between unweighted 1976 
and 2004 basal area and density from the replicate plots for 
individual species.



Forest Types and Floodplain Species Categories



The changes in basal area and density from 1976 to 2004 
for forest types and species grouped by FSCs were calculated 
using weighted data from the 71 pairs of replicate plots. The 
same analyses of basal area and density were repeated using 
unweighted data from the replicate plots, and statistics (t-tests) 
were calculated from unweighted replicate plot data.



Growth, Age, Mortality, and Recruitment from 
Thesis Data



Additional characteristics of tree species and forest types 
could be calculated and analyzed from the thesis data, because 
the locations of trees identified on 1976 thesis plots were 
recoverable for surviving trees in 2004. Growth rates, extrapo‑
lated tree ages, mortality rates, and recruitment rates for 
species and plots were used to understand the mechanisms of 
floodplain forest growth, structure, and replacement. Median 
ages (calculated from growth rates and extrapolated tree ages) 
of tree-size classes were also used to determine the length of 
time periods used in hydrologic analyses. 



Individual growth rates were calculated for each tree by 
dividing the change in dbh from 1976 to 2004 by the number 
of elapsed years. The elapsed time differed slightly between 
the two transects, 27.5 years at BLT and 28.2 years at WEW. 



Out of 462 surviving trees, 20 trees had negative growth 
and 11 trees had zero growth. All nonpositive growth rates 
were discarded because they generated an unusable value in 
the tree-age calculation (either an infinite age in the case of 
zero growth, or a negative age). Measurement errors could 
have occurred for a number of reasons. Most of the trees 
with negative growth rates had multiple trunks, and it was 
not possible to determine which trunk had been measured 
originally. Trees with attached vines or deformed trunks may 
not have been measured in the same way in 1976 and 2004. 



Table 3.  Characteristics of three sets of data from forests of the  
Apalachicola River floodplain, Florida.



[Canopy trees are all trees with diameter at breast height (dbh) ≥ 7.5 centi­
meters (cm); subcanopy trees, dbh < 7.5 and ≥ 2.5 cm; ARQA, Apalachicola 
River Quality Assessment]



Characteristic



1976 Data
2004  
DataARQA cruise  



transects



Thesis and 
ARQA  



intensive plots



Number of transects 7 4 12



Number of plots 160 a 21 95



Area sampled, in hectares na a 2.5 6.2



Number of canopy trees 1,401 1,570 3,572



Number of subcanopy trees 42 b 0 2,511



Number of species 38 40 47
a Cruise-transect data was sampled using a glass wedge prism at points 



without defined plot sizes.
b Not used in analyses.
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It is possible that the wrong tree could have been identified 
and measured. For most trees on the thesis plots, the mapped 
location, the 1976 dbh, and the locations of surrounding 
species made misidentification highly unlikely; however, for a 
few trees there was more than one possible candidate. 



Positive growth rates from 431 trees were averaged by 
species, and are presented in table 4 as supporting data used 
to develop methods described in the section “Hydrologic 
Time Periods Associated with Forest Sampling Groups.” 
Although growth rates of trees typically vary with age, the 
average growth rate for most species was based on a variety 
of tree sizes and ages. Growth rates could not be calculated 
for buttonbush, red mulberry, swamp privet, black willow, 
or water oak, because there were no surviving trees of these 
species, or for stiffcornel dogwood and chinaberry, which 
were species new to thesis plots in 2004.



The following formula was used to calculate extrapolated 
ages (summarized in app. 3) for each tree belonging to a 
species for which an average growth rate could be determined. 



(dbh / (average annual growth rate for species)) + 5 years = 
extrapolated age, in years 



The additional 5 years included in this formula is an 
estimate of the time necessary for a tree seedling to reach 
breast height and begin measurable diameter growth.



Growth rates calculated for some possum haw and 
persimmon trees were very slow, generating extrapolated 
ages as great as 560 years. To correct these assumed analysis 
errors, adjustments were made by capping all tree ages at 
a maximum of 360 years. This maximum age was based on the 
extrapolated age of the largest tree on the thesis plots, a bald 



Table 4.  Growth rates of tree species at the BLT and WEW transects on the Apalachicola River floodplain, 
Florida.



[Species growth rates were calculated from the average difference between measurements of diameter at breast height 
taken in 1976 and 2004 divided by the number of years elapsed between measurements. Negative or zero growth rates 
for individual trees were not included in the averaged rates. Scientific names of species are listed in appendix 1. cm/yr, 
centimeter per year; ≥, equal to or greater than  >, greater than; <, less than]



Species



Growth rate, in cm/yr  (number of trees sampled)
General description of 



growth rate
Forest type



Average
Hiblh Loblh Swamp



sycamore 0.76  (2) 0.57  (4)   0.63



fast 
(≥ 0.5 cm/yr)



swamp laurel oak 0.31  (7) 0.65  (29)   0.58



green ash 0.32  (6) 0.52  (22) 1.35  (1) 0.51



water tupelo     0.50  (25) 0.50



water hickory   0.46  (40)   0.46



above average 
(< 0.5 and ≥ 0.4 cm/yr)



sweetgum 0.41  (36) 0.48  (31)   0.44



overcup oak 0.35  (3) 0.43  (28) 0.21  (1) 0.41



river birch   0.41  (2)   0.41



bald cypress   0.37  (8) 0.43  (13) 0.41



Ogeechee tupelo   0.61  (4) 0.28  (13) 0.37
average 



(< 0.4 and ≥ 0.3 cm/yr)water locust   0.32  (6) 0.46  (2) 0.35



American elm 0.09  (3) 0.37  (12) 0.45  (3) 0.34



red maple   0.26  (10) 0.29  (7) 0.27



below average 
(< 0.3  and ≥ 0.2 cm/yr)



hackberry 0.21  (8) 0.29  (28)   0.27



winged elm 0.26  (5)     0.26



ironwood 0.23  (12) 0.23 (13)   0.23



popash     0.17  (11) 0.17



slow 
(< 0.2 cm/yr)



box elder 0.15 (4)     0.15



planer tree   0.15  (24) 0.11  (1) 0.15



green haw   0.06  (4)   0.06



possum haw 0.04  (7) 0.02  (3)   0.04



persimmon   0.03  (1)   0.03



Average 0.31  (93) 0.40  (263) 0.39  (75) 0.38  
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cypress at BLT (fig. 6). A total of 11 trees in 1976 and 3 trees 
in 2004 that exceeded the maximum age (all possum haw or 
persimmon) were given the maximum extrapolated age of 360 
years (app. 3). 



Median ages for canopy tree-size classes were the average 
of the median extrapolated ages in the 1976 and 2004 datasets 
(table 5). The extrapolated age of individual subcanopy trees 
could not be calculated because individual dbhs were not 
recorded. The median dbh of the subcanopy size class, 5 cm, 
and the average growth rate of all tree species on thesis plots, 
0.379 centimeter per year (cm/yr), were used to determine 
one median age for all subcanopy trees using the formula: 



 (5 cm / (0.379 cm/yr)) + 5 years = 18 years



Mortality rates were calculated by first dividing the 
number of trees that died since 1976 by the original number 
of trees alive in 1976, using the combined data of both thesis 
transects. The result was then divided by the average number 
of years that elapsed between data-collection dates which 
was 27.85 years. Recruitment rates were calculated in a 
similar manner using the number of canopy trees that appeared 
in the 2004 data that were not in the 1976 data. Recruitment 
rates do not include subcanopy trees.



Comparisons of Forest Type Composition using 
Floodplain Indices



A primary objective of this study was to measure species 
composition change over time to determine if floodplain 
forests have shifted toward a drier mix of species. To accom‑
plish this, a factor called the Floodplain Index (FI) was devel‑
oped to classify forest plot data on a scale of relative dryness 
using a continuum from pure swamp (1.000) to pure upland 
(4.000) forest composition. Wentworth and others (1988) 
proposed the use of a similar type of index as a basis for 
wetland designation. It is important that the FI value for a plot 
not be confused with its forest type. FIs were used to measure 
changes in the relative dryness of the species composition, 
whereas forest types were determined from 1976 data using 
FSCs and rules for defining forest types (table 2). FI values 
were not used to determine forest types. 



FIs for size classes at each plot were calculated by 
first multiplying the relative dominance of each species (based 
on rba for canopy trees and rd for subcanopy trees) by the FSC 
value for that species. All resulting values were then summed 
to determine the FI for the tree-size class of the plot. If 100 
percent of the basal area of the canopy on a plot in 1976 was 
contributed by FSC2 species, the FI value for the 1976 canopy 



Figure 6.  The largest tree in the 
1976 and 2004 datasets was a bald 
cypress tree at the BLT transect in 
the upper reach of the Apalachicola 
River floodplain near Blountstown, 
Florida. Photograph taken by 
Lee Reed.
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of the plot would be 2.000 (100 percent x 2). If 50 percent 
of the basal area of the canopy of the same plot in 2004 was 
contributed by FSC2 species and 50 percent by FSC3 species, 
then the FI for the 2004 canopy of the plot would be 2.5 = 
((50 percent x 2) + (50 percent x 3)). A change of +0.500 in 
an FI value is a change of 50.0 percent of the composition 
toward the next drier forest type. An example of the use of 
FIs to calculate change in composition at a hypothetical plot 
is given in table 6 where the change is +0.134 or 13.4 percent 
toward the composition of the next drier forest type.



FIs were used in two types of analysis to measure 
change in the relative dryness of species composition over 
time: changes in canopy species composition from 1976 to 
2004 at replicate plots and comparisons between size classes 
to estimate past and future composition. In addition, the 
FI differences between size classes on the Apalachicola River 
floodplain were compared to those on five other north Florida 
stream floodplains. For all FI analyses, the Wilcoxon matched-
pairs signed-ranks test was used to test for significance of 
differences. All probability (p) values that are < 0.1 are 
reported as significant in this report.



Changes in Floodplain Indices at Replicate Plots



Replicate plot analysis compared the FIs of 71 plots 
sampled in 1976 to the FIs of 71 plots sampled in 2004 which 
were located as nearly as possible at the original site of 1976 
plots. In the case of the 8 replicate plots at the thesis transects 
(BLT and WEW), 1976 plot locations were exactly recover‑
able in 2004. For parts of the thesis plots that were logged or 
otherwise altered between 1976 and 2004, the 1976 plot was 
limited to match the extent remaining in 2004. For example, 
part of the levee plot at BLT had eroded into the river by 2004, 
so the extent of the 1976 levee plot was reduced to match 
the remnant remaining in 2004. Restricting the 1976 data 



to remnant plots was necessary only for the replicate plot 
analysis. In the size-class analyses described below, FI values 
were calculated for all trees on the original plots. 



Size-Class Comparisons as an Indicator of Past and 
Future Forest Composition



The size of trees roughly correlates to their comparative 
age, because dbh increases with age. Trees in mature forests 
are constantly dying and being replaced by younger, smaller 
trees. Ultimately, all replacement canopy trees come through 
the ranks of sizes from seedling to sapling to subcanopy tree to 
canopy tree. 



Trees were grouped by their dbh into two major size 
classes: canopy trees (dbh ≥ 7.5 cm), and subcanopy trees 
(dbh < 7.5 and ≥ 2.5 cm). The term “canopy tree” in this report 
is based solely on dbh without regard to over- or under-story 
tree height. Canopy trees were further subdivided into large 
canopy trees (dbh ≥ 25 cm) and small canopy trees (dbh < 25 
and ≥ 7.5 cm). There were no subcanopy data available for 
the thesis and ARQA intensive plots. Although the dbh of 
trees was recorded on ARQA cruise-transect plots, size-class 
analyses were not performed on cruise-transect data, because 
size classes from the same plot extent were not available for 
data collected using the glass wedge prism method.



The composition of the 1976 large canopy tree-size class is 
the best representation of forest composition before water levels 
began to decline in 1954. The 1976 large canopy trees were 
probably seedlings or root sprouts in the late 1800s, and most of 
their lives were spent in the hydrologic conditions that existed 
before 1954. Forests in 2004 contained large canopy trees that 
were established prior to 1954, but they also contained some 
younger trees that had lived the greater part of their lives in the 
hydrologic conditions that had occurred since 1954. 



Table 5.  Median ages of tree-size classes in forests of the Apalachicola River 
floodplain, Florida.



[Median ages were calculated using the extrapolated ages of trees at the thesis sites (app. 3). 
Canopy trees are all trees with diameter at breast height (dbh) ≥ 7.5 centimeters (cm); large 
canopy trees, dbh ≥ 25 cm; small canopy trees, dbh ≥ 7.5 and < 25 cm; and subcanopy trees, 
dbh < 7.5 and ≥ 2.5 cm]



Tree-size class Dataset Sample size
Median age,  



in years
Average median 



age, in years



canopy
1976 702 72



73.5
2004 701 75



large canopy
1976 222 95



99
2004 270 103



small canopy
1976 477 50



52.5
2004 431 55



subcanopy 2004 2,507 18 a 18



a Extrapolated age for all subcanopy trees calculated from median dbh of 5.0 cm and 
average growth rate of all species at thesis sites.
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The subcanopy tree-size class reflects the most recent 
hydrologic conditions, because this size class contains the 
greatest percentage of young trees. Present subcanopy compo‑
sition can be used as an indicator of future canopy composi‑
tion, because older trees will eventually be replaced by the 
younger trees growing in today’s subcanopy, assuming future 
hydrologic conditions remain similar to conditions that have 
occurred recently. Some subcanopy species will never grow 
into canopy trees, but those species can serve as indicators of 
hydrologic conditions equally as well as canopy tree species. 
For example, possum haw, a species of limited size potential, 
was commonly sampled on 1976 Hiblh plots and was not 
present on 1976 swamp plots. The presence of possum haw in 
a swamp subcanopy in 2004 could indicate drier hydrologic 
conditions at the site and a drier canopy composition in the 
future, even though possum haw will never grow large enough 
to be a dominant tree by basal area in the canopy. 



Size-class analyses were conducted for each forest type 
and reach by comparing the FI values for the large canopy, 
small canopy, and subcanopy size classes to the FI value 
for the canopy trees. For example, if the large canopy tree-
size class had a lower FI value than the FI value for the 
composition of canopy trees, the difference may indicate that 
hydrologic conditions at the site were generally wetter during 
an earlier period of time (when establishment and growth of 
the large canopy trees occurred) than conditions were during 
the more recent past (when the smaller canopy trees became 
established and grew). If subcanopy trees had drier FIs than 
canopy trees, the site probably experienced drier hydrologic 
conditions in the most recent years, and the canopy will 
probably have a drier species composition in the future. 



Table 6.  Use of the Floodplain Index to calculate change in composition of forest plots in the Apalachicola River 
floodplain, Florida.



[The Floodplain Index (FI) is the total of the relative basal areas (rba) of canopy tree species weighted by Floodplain Species 
Category (FSC). See table 2 for a definition of FSC and appendix 1 for a list of scientific names and FSCs for each species. A 
change of + 0.01 in the FI is a change of 1 percent of the species composition to a drier forest type]



Calculation of FI values for change in a hypothetical floodplain forest plot:



1976 Composition 2004 Composition



Species Rba,  
in percent



FSC 
value



FI value Species
Rba,  



in percent
FSC 



value
FI value



water hickory   40.0 2 0.800 water hickory   26.6 2 0.532



American elm     2.6 2 0.053 American elm     2.6 2 0.053



hackberry   10.0 3 0.300 hackberry   23.0 3 0.689



sweetgum   17.0 3 0.510 sweetgum   19.9 3 0.598



box elder   14.9 3 0.446 box elder   14.9 3 0.446



water oak     2.4 3 0.071 water oak     2.4 3 0.071



persimmon     1.8 3 0.055 persimmon     1.8 3 0.055



possum haw     3.0 3 0.090 possum haw     0.5 3 0.014



winged elm     8.3 4 0.331 winged elm     8.3 4 0.331



  Total 100.0 2.656   Total 100.0 2.790



Change in composition from 1976 to 2004 is the difference in FI values at a hypothetical floodplain forest plot:



2004 FI    2.790
The difference of + 0.134 can be stated as a change  



of 13.4 percent of the species composition toward a drier  



forest type.



1976 FI    2.656



Difference +0.134
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Size-Class Comparisons on Other North Florida Stream 
Floodplains



Forest data from studies conducted on five other north 
Florida streams (Light and others, 1993; 2002) were compared 
with results of the current study to determine if the differences 
in FIs between size classes determined on the Apalachicola 
River floodplain are typical for north Florida streams. This 
analysis used a total of 16 transect sections (hereafter called 
plots) on six nontidal transects on the Suwannee River 
floodplain with all three forest types (Hiblh, Loblh, and 
swamp) well represented, a total of nine plots at three sites on 
the Ochlockonee River floodplain with all three forest types 
represented at each site, two Loblh plots on the Aucilla River, 
two Loblh plots on the St. Marks River, and two swamp plots 
on the Telogia Creek floodplain. 



All forest types on these five stream floodplains were 
redetermined for this analysis following the rules used in 
the current study (table 2). The size limits of canopy and 
subcanopy trees originally used on the five other streams were 
different from that used in the current study; canopy trees had 
a dbh ≥ 10 cm and subcanopy trees had a dbh < 10 cm. In this 
analysis, forest data from Apalachicola River floodplain plots 
were reorganized using these size limits to allow comparisons 
with the forest data from the other stream floodplains. 



Statistical analysis of the differences in FIs between size 
classes was conducted for all plots combined (regardless of 
forest type) on both the Suwannee and Ochlockonee River 
floodplains, but not for plots on the other stream floodplains 
because sample sizes were too small. In the summary analysis, 
the differences in FI values between size classes in all 31 plots 
on the five other streams were averaged together and then 
compared with the differences in FIs between size classes on 
all 2004 plots in the Apalachicola River floodplain. 



Analysis of Hydrologic Data



The primary goal of the hydrologic analyses was to 
quantify and summarize long-term hydrologic changes at 
floodplain forest plots so that they could be compared to changes 
in forest composition. Most of the basic hydrologic data used in 
this report came from ongoing data-collection programs of the 
USGS, USACE, and National Weather Service (NWS) that were 
conducted independent of this study. The following methods 
describe the steps required in determining the amount of hydro‑
logic change by forest type and reach. 



History of Inundation at Forest Plots



The history of inundation at floodplain forest plots 
was estimated using discharge and stage records collected 
at a long-term streamflow gaging station (gage) located 
at the upper end of the study area, Apalachicola River at 
Chattahoochee (02358000), and from stage records collected at 
five downstream gages, Apalachicola River near Blountstown 



(02358700), Apalachicola River near Wewahitchka 
(02358754), Apalachicola River at River Mile 36 (023587547), 
Apalachicola River at River Mile 35 (023587549), and 
Apalachicola River near Sumatra (02359170). The following 
short names are used in this report for these six gages: 
Chattahoochee, Blountstown, Wewahitchka, RM 36, RM 35, 
and Sumatra. Information about gage locations, operating 
agencies, and period of record at each gage is summarized in a 
previous report (Light and others, 2006) along with a detailed 
description of a nonstandard approach for relating discharge 
at the Chattahoochee gage to stage at all downstream gages. 
Nonstandard stage-discharge relations were used because 
traditional stage-discharge relations were not available for most 
of the downstream gages, and comparisons among many 
different sites along the river were greatly simplified by calcu‑
lating stage at all locations in relation to discharge at a single 
upstream site (Chattahoochee gage). 



In forest-hydrology studies, the longest possible period of 
record is preferred, because tree ages can easily be 100 years or 
older. The 76-year period of record at the Chattahoochee gage 
(October 1, 1928, to September 30, 2004) used by Light and 
others (2006) represents the period during which the gage was 
serviced by the USGS. Earlier stage data at the Chattahoochee 
gage extending back to January 1920 (collected by the NWS) 
was examined for possible use in the present study. Earlier 
stage data also existed at the Blountstown gage (collected 
by the USACE). Stage data prior to October 1, 1928, at both 
gages (Chattahoochee and Blountstown) were converted 
to Chattahoochee discharge using stage-discharge relations 
developed for the 1928-54 period in appendix I and II of Light 
and others (2006). Chattahoochee discharge estimated from the 
Chattahoochee stage were similar to Chattahoochee discharge 
estimated from the Blountstown stage for records extending 
back to July 1, 1922. Prior to that time, however, discharge 
data at these sites did not match, suggesting that stages were 
incorrect at one of the two sites. Thus, data prior to July 1, 
1922, were considered unusable, and data used in the present 
study began October 1, 1922 (to coincide with the beginning 
of the next water year). The endpoint of the period of record 
used in the present study was extended to December 31, 2004, 
so that 82 years of complete record were available for three 
types of annual analyses: water year (October 1-September 30), 
calendar year (January 1-December 31), and growing season 
(March 1-November 24).



The first step in estimating inundation history at the forest 
plots involved filling in the missing records at the five gage 
sites for October 1, 1922, to December 31, 2004. All missing 
records were estimated and a complete set of daily values was 
created for discharge at the Chattahoochee gage and stage at all 
gages except RM 36. Of the 30,043 total days in this 82-year 
period of record, Chattahoochee stage had the least missing 
record (159 days) and RM 35 stage had the most (26,346 days). 
Methods for estimating records were based on: (1) actual 
data for the closest gages where records were available, 
(2) pre‑dam and recent stage-discharge relations modified 
from appendixes I-V in Light and others (2006), and (3) the 
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general timing of stage decline in periods between pre‑dam 
and recent as depicted in figure 5 of Light and others (2006). 
The number of days of missing record, water years during 
which missing records occurred, and detailed methods used to 
estimate missing records are summarized in appendix 4. 



In the next step, a complete set of daily river stage 
values for the 82-year period of record was estimated for 
the rm location of each transect. Transect stage records were 
primarily estimated using linear interpolation between stages 
at the closest upstream and downstream gages. In some cases, 
however, transect stages could not be estimated directly from 
linear interpolation between gages, because water-surface 
profiles in figure 9 of Light and others (2006) indicated that 
water surfaces at some transects differed from those that 
would be expected with straight-line interpolation. In those 
cases, pre‑dam and recent stage-discharge relations specific 
for the transect locations (from the compact disc in the map 
pocket of Light and others, 2006) and assumptions regarding 
the degree and timing of channel changes at transect locations 
in the intervening period (between pre‑dam and recent) were 
used to estimate transect stage records. Details of the methods 
used to estimate stage records at each transect are described in 
appendix 5. 



In the last step, the inundation history at individual 
forest plots along each transect was estimated based on river 
stages in the 82-year period of record at transect locations. 
The ground elevation of each forest plot was compared to 
daily river stage and the plot was considered to be inundated 
every day that the river stage exceeded the plot elevation. 
The plot was not considered inundated when river stage 
was the same as, or less than, the plot elevation. Plot eleva‑
tions for ARQA transects (CH, TO, SE, OR, MR, PL, and 
BR) were available from USGS files (Tallahassee, Florida) 
that were used to develop figure 34 in Leitman and others 
(1984). Plot elevations for BLT and WEW were available in 
Leitman (1978). Plot elevations at EA, EB, and EC reported 
by Eichholz and others (1979) were incorrect, and were 
resurveyed in 2006 by the authors of this report. 



Water levels in most bottomland hardwood forests can 
be estimated accurately from stage records in the adjacent 
river channel. Water levels in many swamps, however, 
are not directly related to river stage levels. This issue is 
discussed at length, with examples from selected transects, in 
a later section of the report titled “Hydrologic Conditions in 
Floodplain Forests.”



Hydrologic Time Periods Associated with Forest 
Sampling Groups



River flow at the Chattahoochee gage and river stage 
at all transects and forest plots were analyzed for five time 
periods associated with tree-size classes of the 1976 and 2004 
forest sampling data. If unlimited hydrologic records had been 
available, the ideal time periods for hydrologic analysis would 
have been the same number of years as the median ages of 
trees in the various size classes (table 5). River flow and stage 
records, however, were not available prior to October 1, 1922. 
The maximum length of hydrologic record available for 1976 
canopy trees of 54 years (1923-1976) was the limiting factor in 
determining time periods for all of the forest sampling groups.



The median age of the large canopy trees (99 years, 
table 5) was selected as the most relevant age to species 
composition of canopy trees, because the large canopy trees 
contributed more than 80 percent of the total basal area of all 
canopy trees in both the 1976 and 2004 datasets. The avail‑
able hydrologic record of 54 years for the 1976 canopy trees 
was divided by the median age of large canopy trees of 99 
years. The result, 54.5 percent, was used as a proportion to be 
applied to the hydrologic records of the other four tree groups 
to allow for equitably balanced comparisons between groups. 
This proportion, 54.5 percent, was multiplied by the median 
age of small canopy trees and the median age of subcanopy 
trees to determine an appropriate length of hydrologic records 
in each case (29 years of record for small canopy; 10 years for 
subcanopy). The final time periods for hydrologic analysis are 
shown in figure 7.



Figure 7.  Hydrologic time periods associated with 1976 and 2004 tree-size classes in forests of the Apalachicola 
River at Chattahoochee, Florida.
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Because the period of record was limited to 54.5 percent 
of the median age of each tree-size class, the dryness of the 
hydrologic periods associated with these five forest groups 
is somewhat exaggerated. Recent water levels are lower 
than earlier water levels, as indicated in figure 4 and in a 
previous study (Light and others, 2006). Limitations inherent 
in the methods for selecting these five time periods should be 
kept in mind as results are presented.



Flood Duration, Depth, and Frequency by Forest 
Type and Reach



The inundation history during each year of the five 
hydrologic time periods was used to calculate the following 
hydrologic parameters for all forest plots in the 1976 and 2004 
datasets: (1) flood duration during the whole year, in days (not 
necessarily consecutive); (2) flood duration during the growing 
season (March 1-November 24), in days (not necessarily 
consecutive); (3) flood depth, in meters, of the highest annual 
flood lasting 14 consecutive days in the growing season; and 
(4) flood frequency, in percent of years with a flood lasting 14 
consecutive days in the growing season. Means were used to 
summarize flood duration and frequency values, but medians 
were preferred for summarizing flood depths, because in 
bottomland hardwood plots, flood depths were zero in many 
years. Data at each plot were combined by forest type and reach, 
yielding separate datasets covering all combinations of the 
following groups: three forest types, three reaches, five hydro‑
logic time periods, and four hydrologic parameters. Box-plot 
graphs of the median, 25th and 75th percentile, minimum, 
and maximum values for most of the datasets in the earliest 
time period (1923-1976) were created to illustrate the natural or 
“baseline” hydrologic conditions in floodplain forests. 



Statistical tests (Pearson’s r coefficients) indicated that 
flood depth, flood frequency, and both types of flood dura‑
tions were highly correlated with each other. This result was 
expected, because all hydrologic parameters were calculated 
from the same basic river stage data. A single parameter, 
flood duration in the growing season, was selected to simplify 
subsequent analyses of hydrologic change in floodplain 
forests. Flood durations have been used by the authors as a 
primary descriptor of forest hydrology in previous reports 
(Light and others, 1993; 2002).



Methods for calculating hydrologic change in this report 
were modeled after the methods for determining change in 
forest composition to allow for direct comparisons. In both 
cases, change was measured as a percentage of change toward 
the next drier forest type. Hydrologic change for a given forest 
type is based on flood durations in the growing season and is 
expressed in terms of the percentage of change of flood dura‑
tion toward the baseline (1923-1976) duration of the next drier 
forest type. It is calculated using the following formula where 
X is a given forest type and Y is the next drier forest type:



Flood durations were assumed to be zero for uplands, the next 
drier forest type for Hiblh forests. 



Changes in Hydrology and Forest 
Composition



Changes in hydrologic conditions at floodplain forest 
transects were estimated from long-term streamflow gaging 
station records and summarized for time periods associated 
with various trees-size classes. Changes in forest composition 
were calculated using several quantitative measures of compo‑
sition and some comparative field observations. The relations 
between hydrologic conditions and forest composition were 
examined and future changes that are expected to occur in the 
floodplain forest are discussed.



Hydrologic Change



Long-term river discharge and river stage were examined 
for trends that might result in change in forest composition. 
Water levels in the floodplain are similar to those in the main 
river channel during high flows greater than 1,420 m3/s 
(50,000 ft3/s), but the relation between river and flood‑
plain hydrology during low-flow periods can be complex, 
depending upon individual site conditions. Duration, depth, 
and frequency of inundation at floodplain forest plots, based 
on long-term river-stage data in the adjacent main channel, 
were summarized by forest type and reach. 



River Flow and Stage
In large river floodplains, inundation resulting from over‑



bank flooding is usually the most important factor influencing 
forest composition (Greeson and others, 1979; Gosselink 
and others, 1990; Lugo and others, 1990; Carter, 1996). Both 
river flow and stage must be considered in understanding 
patterns of floodplain inundation. Flow in the Apalachicola 
River is primarily controlled by conditions upstream from 
the Chattahoochee gage, where about 90 percent of the ACF 
drainage basin lies. River stage is a function of river flow and 
geomorphic conditions in the river channel locally. 



Long-term averages of river discharge and river stage at 
the Chattahoochee gage are compared in figure 8. Based on 
10-year running averages, river discharge shows little change, 
but river stage has been declining since the 1950s. Channel 
enlargement caused by erosion of the riverbed and banks at the 
Chattahoochee gage explains why average stage has declined 
but average discharge at the same location has not. 



(Flood duration of X in earlier period) – (Flood duration of X in later period) * 100
=



Change in flood duration toward 
duration of next drier forest type, 
in percent((Flood duration of X in baseline period) – (Flood duration of Y in baseline period)) 
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Monthly analysis of river discharge shows a seasonal 
decline that is not evident in the analyses of long-term annual 
averages. Figure 9 shows river discharge averaged by month 
during the five hydrologic time periods associated with 
tree-size classes. River discharge in spring and summer 
has decreased, particularly in April through August. This 
seasonal pattern is consistent with that of a previous analysis 
using different time periods (Light and others, 2006) when 
spring and summer flows decreased from an earlier 30-year 
period (1929-58), predating flow regulation and large 
increases in water use in the ACF basin, to a later 30-year 
period (1975-2004) that included those effects. In that study, 
decreases in spring and summer flows were greatest during 
drought conditions (defined as the lowest 10 percent of flows). 



Monthly analyses of hydrologic data are essential in 
biological studies in floodplains because life cycle requirements 
of most biota depend upon seasonal hydrologic conditions. 
The preferred time period for assessing the influence of 
hydrology on floodplain forest communities is the local 
growing season, because inundation has little effect on tree 
growth and survival during the dormant season. Spring and 
early summer, in particular, are the seasons of greatest tree 
growth (Conner and Day, 1992), and probably also the seasons 
when flooding has the largest influence on tree composition 
and recruitment in floodplain forests. 



Large declines in river stage during the growing season 
have occurred at nearly all locations in the nontidal river 
(fig. 10). The declines were caused by a combination of 



Figure 8.  Discharge and stage of the Apalachicola River at Chattahoochee, Florida.



A.  Discharge of Apalachicola River at Chattahoochee, Florida



B.  Stage of Apalachicola River at Chattahoochee, Florida
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channel enlargement locally and decreased spring and summer 
flows delivered from upstream. The largest declines have 
occurred at locations with the greatest channel enlargement 
(CH just downstream from the dam and EC in the reach where 
the most channel straightening occurred). Decreased flows in 
the spring and summer, as shown in figure 9, have added to 
water-level decline at all locations. When drought conditions 
prevail, decreased flows are the primary cause of water-level 
declines at many locations along the river during April, May, 
July, and August (fig. 4). 



Hydrologic Conditions in Floodplain Forests
During the flood season, water levels in the floodplain 



are similar to river levels in the adjacent main channel. During 
the low-water season, the relation between river stage and 
floodplain hydrology is affected by individual site character‑
istics, such as elevation and topographic position within the 
landscape, amount of water delivered from adjacent uplands 
through small streams or bluff seepage, efficiency of sloughs 
or other drainage features in removing water from the site, and 
the effect of beaver dams in floodplain sloughs downstream 
from the site. These local site characteristics can substantially 
affect the hydrology of swamps that are disconnected from the 
river by intervening levees and ridges. Hydrologic conditions 
in bottomland hardwood forests, however, are less affected by 
local site characteristics, because water connections between 
the river and the floodplain are generally unimpeded when 
water levels reach these higher-elevation forests.



Two examples shown in figure 11 illustrate the variability 
of the relation between river stage and water levels in swamps 
of the Apalachicola River floodplain during typical low-flow 
conditions in the summer. At the PL transect (graph A of 



fig. 11), sloughs that drain the swamp forests are directly 
connected to the river about 0.8 km downstream, allowing 
water from the river to enter and exit swamps unimpeded 
by intervening levees or ridges. Consequently, swamp water 
levels at PL are at the same elevation as river levels in the 
adjacent main channel. A decline of 0.9 m in typical summer 
water levels in both the river and the swamp has resulted in 
severe summer dewatering of swamp forests at this site. Based 
on transect distances shown in graph A of figure 11, more than 
90 percent of the land surface covered by standing water in the 
earlier period was exposed with no surface water present in 
the later period. 



Water levels in the SE swamp in graph B of figure 11 
were elevated 2.6 m above river levels during typical summer 
conditions in the later period (1995-2004). This perched basin 
receives year-round seepage water from an adjacent upland 
bluff, and the swamp stays wet because the basin has a flat, 
shallow-bowl shape and has only a few small outlet sloughs 
that are often impounded by beaver dams. In spite of the fact 
that continuous seepage from the upland bluffs and beaver 
dams have protected this basin from completely drying out, 
progressive lowering of river levels appears to have dewatered 
large areas of this swamp. Bed scour in the Apalachicola 
River has progressed into the mouth of a slough draining this 
swamp basin at its downstream end, lowering the elevation 
of the threshold where water is retained throughout the entire 
swamp. (Similar conditions at the mouths of sloughs draining 
other upper-reach swamps were observed by the authors in 
the 1990s.) Based on transect distances shown in graph B of 
figure 11, more than 75 percent of the land surface covered 
by standing water in the earlier period was exposed with no 
surface water present in the later period.
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Figure 9.  Average monthly river discharge during five hydrologic time periods associated with 1976 and 2004 tree-size 
classes in forests of the Apalachicola River floodplain, Florida.
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Figure 10.  Average monthly river stage at selected transects during time periods associated with 1976 and 2004 tree-size 
classes in forests of the Apalachicola River floodplain, Florida. Data were averaged from 1923-2004 daily stage records 
which were estimated at each transect from long-term gage data as described in methods.
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Floodplain and river water levels at this site are the same,
because sloughs draining these swamps are directly
connected to the river about 0.8 kilometer downstream
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Figure 11.  Decline in summer water levels in two different types of swamps and in the adjacent main channel at selected 
transects of the Apalachicola River floodplain, Florida.  Summer water levels in the main channel are the average July 
river stage for the earlier period (1923-76) and the later period (1995-2004), estimated from long-term records at nearby 
gaging stations. Summer water levels in the swamps were estimated for the earlier period based on 1979-80 field 
observations and for the later period based on 2004-2006 field observations.
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Another variation in river-floodplain relations, not shown 
in figure 11, occurs at the BR transect at the downstream 
end of the nontidal reach (rm 19.8). The west end of this 
transect intersects Brothers River (fig. 2), a large tidal stream 
with summer water levels typically about 1 m lower than 
Apalachicola River levels. Forest sampling data from the 
east end of this transect are used in this report because that 
part of the transect is nontidal. Swamps on the nontidal part 
of the transect, however, drain westward to a creek that is 
connected to Brothers River, so summer water levels in these 
swamps are usually 0.3-0.6 m lower than Apalachicola River 
levels. Because of these unique site conditions at BR (not 
found on any other nontidal transect), water-level data in the 
Apalachicola River considerably overestimate inundation 
in the adjacent swamp. Conditions at BR are the opposite 
of those at SE (fig. 10B), where water-level data in the river 
considerably underestimate inundation in the adjacent swamp. 



Comparisons of water levels in swamps with those in the 
adjacent main channel at other locations in the Apalachicola 
River floodplain (Leitman, 1978; Leitman and others, 1984) 
confirm that hydrologic relations between swamps and the 
river can differ considerably from site to site. Various water-
level observations made in swamps over the years have been 
helpful in understanding the connections between the river and 
floodplain, but because most of those observations have been 
infrequent and discontinuous, they are not sufficient for esti‑
mating long-term water levels in swamps during the five time 
periods associated with tree-size classes (fig. 7). Consequently, 
floodplain conditions are estimated in this report based only 
on river-stage data, without any modifications to account 
for site-to-site variability in swamp characteristics. These 
estimates are highly accurate in Hiblh forests and most Loblh 
forests, somewhat less accurate in Loblh forests near swamp 
depressions that retain water, and least accurate in swamps 
that lack a direct connection to the river. The limitations of 
these estimates are discussed later in this report, and should be 
carefully considered by readers if they use these data for any 
other purposes. When measuring change from earlier to later 
periods, however, the example in figure 11B demonstrates that 
estimates based on river stage can be useful indicators of the 
water-level decline that has occurred in swamps, in spite of 
complicating site-specific variables, such as outside sources of 
water or differences in drainage outlets.



Flood duration, depth, and frequency, based on long-
term river-stage data (1923-76), were calculated for floodplain 
forest plots and summarized by forest type and reach (fig. 12). 
Flood duration was calculated for the whole year and the 
growing season, whereas depth and frequency were calculated 
based only on the growing season data. Hydrologic conditions, 
based on the 1923-76 period in figure 12, represent natural 
“baseline” hydrologic conditions for 1976 floodplain forests. 
Although the 1923-76 period includes 23 years of post-1954 
channel erosion caused by dam construction and navigational 
improvements, higher than normal discharges during many 
years in the 1960s and 1970s (fig. 8A) masked some of the 
effects of channel change during those two decades (fig. 8B). 



Within a given reach, flood duration, depth, and 
frequency are always the least in Hiblh forests and the greatest 
in swamps. For a given forest type, hydrologic conditions 
are usually driest in the upper reach and wettest in the lower 
reach, with the exception of flood depth. Depth of flooding 
usually decreases in the lower reaches of coastal plain rivers 
because floodwaters spread out onto wide, flat floodplains as 
rivers approach sea level near the coast. 



Forest Composition Change



Basal area and density of species based on 1976 and 
2004 data from all plots were used to compare the species 
composition of 1976 and 2004 forest types and the total basal 
area and number of trees in the nontidal floodplain. Basal 
area and density for forest types and species grouped by FSCs 
were calculated using data from the replicate plots. Data on 
individual trees that were unique to the thesis plots were used 
to describe growth rates, size, recruitment, and mortality of 
floodplain trees. Changes in composition to drier or wetter 
forests were quantified with FIs of replicate plots and 1976 
and 2004 tree-size classes, and compared to forests on five 
other north Florida stream floodplains.



Species Composition of Forest Types



The species composition of forest types as basal area and 
density of species is presented in tables 7 and 8, respectively, 
and as rba and rd in appendixes 6 and 7, respectively. Basal 
area and density values were calculated from all the 1976 and 
2004 plot data (276 plots) and weighted to compensate for 
reach differences. “Dominant species” (shown in bold) are 
those species with the highest values of basal area or density 
that make up 50 percent or more of the total basal area or 
density. A comparison of dominant species for 1976 to 2004 
forest types is presented in table 9. 



Species composition derived independently for the two 
1976 sampling-method sets (ARQA cruise-transect data and 
combined thesis and ARQA intensive-plot data) are shown in 
tables 7 and 8 and appendixes 6 and 7 to allow a comparison 
of results obtained using two different sampling methods: 
prisms (on cruise transects) and intensive-plot sampling (on 
thesis and ARQA intensive plots). Basal area and density of 
species on the cruise transects were significantly correlated to 
values calculated for the combined thesis and ARQA intensive 
plots (Pearson’s r > 0.56, p < 0.001 for basal area; Pearson’s 
r > 0.57, p < 0.002 for density) despite the difference 
in methods used to obtain data. Total basal areas and densities 
of forest types were not consistently higher or lower for either 
1976 sampling-method set.



Sweetgum and hackberry were dominant species by basal 
area in 1976 and 2004 Hiblh forests (table 9). In 2004, water 
oak was also a dominant species in Hiblh forests. Dominant 
species by basal area in Loblh forests were the same four 
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species in 2004 as in 1976 (water hickory, overcup oak, 
swamp laurel oak, and green ash), and in swamps, the same 
two species, water tupelo and bald cypress. 



Species dominance by density changed more than 
dominance by basal area between 1976 and 2004 (table 9). 
Sweetgum and ironwood remained dominant canopy trees 
in 2004 Hiblh forests, but possum haw declined in canopy 
density in Hiblh forests and was not a dominant Hiblh tree 
in 2004. Water oak and hackberry were new dominants in 



2004 Hiblh forests. Possum haw increased in density in 2004 
Loblh forests and was a new dominant in 2004 Loblh forests 
along with two additional FSC3 species, hackberry and 
sweetgum. Overcup oak, green ash, and river birch (all FSC2 
species) that were dominant in 1976 Loblh forests, declined in 
density and were no longer dominant in 2004 Loblh forests. 
Dominant species by density in 1976 swamps did not change 
although the average density of the dominant species declined 
(table 8C).
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Figure 12.  Duration, depth, and frequency of flooding summarized by forest type and reach in the Apalachicola River floodplain, 
Florida, for 1923-1976. All values were calculated directly from stage in the adjacent river channel without any adjustments for 
water retention in depressions or other factors affecting the relation between river stage and floodplain water levels.
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Table 7.  Basal area of tree species in forests of the Apalachicola River floodplain, Florida.



[Basal area, in square meters per hectare (m2/ha), was weighted by the percent of area of each forest type in each reach. The sum of the 
basal area of the most dominant species (in bold) is greater than 50 percent of the total basal area. Species are sorted by dominance in 
combined 1976 data. Scientific names of species are listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, 
not applicable]



Species
Floodplain  



species  
category



Basal area, m2/ha



1976 data



2004 data ARQA cruise-
transect data 



Thesis and ARQA 
intensive-plot data



Combined 1976 data



A. High bottomland hardwoods
sweetgum 3 7.69 14.13 9.32 9.13



hackberry 3 4.62 2.76 4.22 3.57



ironwood 3 2.79 0.45 2.26 1.23



water oak 3 2.76 0.23 2.17 3.18



green ash 2 1.30 3.46 1.96 1.27



swamp laurel oak 2 0.99 0.97 1.02 0.96



American elm 2 1.00 0.47 0.97 1.96



possum haw 3 0.77 0.48 0.82 0.17



swamp chestnut oak 3 0.77   0.72 0.31



water hickory 2 0.52 1.92 0.71 1.40



sycamore 3 0.69 1.24 0.66 0.64



box elder 3 0.48 0.49 0.53 0.72



swamp privet 2 0.32 0.05 0.33  



overcup oak 2 0.24 0.40 0.30 0.38



red maple 2 0.19 0.37 0.22 0.21



red mulberry 3 0.23 0.07 0.13 0.08



Chinaberry 4 0.13 0.30 0.13 0.19



winged elm 4 0.17 0.06 0.10 0.58



pagoda oak 3 0.16   0.08  



green haw 2 0.09 0.07 0.06 0.01



swamp tupelo 1 0.09   0.05 0.48



spruce pine 3 0.09   0.05  



bald cypress 1 0.08   0.04  



black tupelo 4 0.08   0.04  



slippery elm 4 0.08   0.04 0.10



buckthorn bumelia 3 0.05   0.02 0.04



loblolly pine 4 0.05   0.02  



persimmon 3   0.07 0.02 0.24



river birch 2   0.06 0.01 0.24



black walnut 4   0.03 0.01  



American holly 3       0.69



bitternut hickory 3       0.47



Southern magnolia 4       0.08



silverbell 4       0.08



planer tree 1       0.03



Ogeechee tupelo 1       0.02



Chinese tallow tree 3       0.01



cherry laurel 4       0.01



popash 1       0.005



Average total basal area, in m2/ha 26.4 28.1 27.0 28.5
Number of trees sampled 352 283 635 671
Total area sampled, in ha na 0.49 na 1.22



Number of species 27 21 30 30
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Species
Floodplain  



species  
category



Basal area, m2/ha



1976 data



2004 data ARQA cruise-
transect data 



Thesis and ARQA 
intensive-plot data



Combined 1976 data



B. Low bottomland hardwoods
water hickory 2 2.99 7.53 5.26 5.73



overcup oak 2 5.77 2.46 4.11 3.43



swamp laurel oak 2 1.95 4.53 3.24 3.39



green ash 2 3.03 3.25 3.14 2.79



American elm 2 3.31 0.94 2.12 2.15



river birch 2 2.84 0.98 1.91 1.37



Ogeechee tupelo 1 2.46 0.91 1.68 1.69



sweetgum 3 1.89 0.92 1.41 2.06



hackberry 3 0.98 1.14 1.06 1.37



water tupelo 1 1.30 0.34 0.82 1.35



ironwood 3 0.76 0.74 0.75 0.51



red maple 2 0.77 0.34 0.55 0.81



bald cypress 1 0.27 0.62 0.44 0.89



water oak 3 0.33 0.43 0.38 0.10



black willow 1   0.65 0.33  



popash 1 0.41 0.24 0.32 0.20



planer tree 1 0.15 0.50 0.32 0.31



water locust 2 0.09 0.30 0.20 0.57



possum haw 3 0.05 0.26 0.15 0.26



sycamore 3 0.15 0.11 0.13 0.27



green haw 2 0.14 0.08 0.11 0.04



box elder 3 0.14 0.02 0.08 0.17



laurel oak 4 0.03 0.13 0.08  



swamp cottonwood 1 0.15   0.08 0.23



swamp chestnut oak 3 0.09   0.05  



swamp privet 2 0.06 0.02 0.04 0.02



persimmon 3 0.05 0.01 0.03 0.08



swamp tupelo 1 0.05   0.02  



black tupelo 4 0.03   0.01  



buttonbush 1   0.0003 0.0002 0.08



sweetbay 3       0.04



red mulberry 3       0.02



stiffcornel dogwood 2       0.01



Average total basal area, in m2/ha 30.2 27.4 28.8 30.0
Number of trees sampled 409 602 1,011 1,240
Total area sampled, in ha na 1.31 na 2.55



Number of species 28 26 30 28



Table 7.  (Continued)  Basal area of tree species in forests of the Apalachicola River floodplain, Florida.



[Basal area, in square meters per hectare (m2/ha), was weighted by the percent of area of each forest type in each reach. The sum of the 
basal area of the most dominant species (in bold) is greater than 50 percent of the total basal area. Species are sorted by dominance in 
combined 1976 data. Scientific names of species are listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; 
na, not applicable]
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Species
Floodplain  



species  
category



Basal area, m2/ha



1976 data



2004 data ARQA cruise-
transect data 



Thesis and ARQA 
intensive-plot data



Combined 1976 data



C. Swamp
water tupelo 1 25.32 34.24 29.78 25.42



bald cypress 1 12.05 9.38 10.71 9.92



Ogeechee tupelo 1 8.09 11.14 9.61 8.46



popash 1 5.17 4.79 4.98 2.18



planer tree 1 1.64 1.83 1.73 1.25



swamp tupelo 1 0.69 1.16 0.92 0.50



overcup oak 2 0.54 0.64 0.59 1.45



swamp cottonwood 1 0.12 0.61 0.37 0.31



American elm 2 0.27 0.16 0.22 0.14



red maple 2 0.09 0.28 0.19 0.59



water hickory 2 0.22 0.12 0.17 0.54



green ash 2   0.24 0.12 0.44



river birch 2 0.01 0.19 0.10 0.33



swamp laurel oak 2 0.20   0.10 0.59



sycamore 3 0.02 0.11 0.07 0.02



black willow 1 0.12   0.06  



hackberry 3 0.02 0.05 0.04 0.07



water locust 2 0.02 0.04 0.03 0.31



swamp privet 2 0.02 0.03 0.03 0.004



buttonbush 1 0.02 0.003 0.01 0.01



slippery elm 4 0.02   0.01  



green haw 2   0.01 0.005 0.004



white titi 3   0.004 0.002  



winged elm 4   0.002 0.001  



sweetgum 3       0.05



possum haw 3       0.02



persimmon 3       0.01



ironwood 3       0.004



hazel alder 2       0.002



box elder 3       0.001



Average total basal area, in m2/ha 54.7 65.0 59.8 52.6
Number of trees sampled 640 544 1,184 1,582
Total area sampled, in ha na 0.72 na 2.45



Number of species 20 21 24 26



Table 7.  (Continued)  Basal area of tree species in forests of the Apalachicola River floodplain, Florida.



[Basal area, in square meters per hectare (m2/ha), was weighted by the percent of area of each forest type in each reach. The sum of the 
basal area of the most dominant species (in bold) is greater than 50 percent of the total basal area. Species are sorted by dominance in 
combined 1976 data. Scientific names of species are listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; 
na, not applicable]
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Table 8.  Density of tree species in forests of the Apalachicola River floodplain, Florida.



[Density, in trees per hectare (trees/ha), was weighted by the percent of area of each forest type in each reach. The sum of the trees/ha of the most dominant 
species (in bold) is greater than 50 percent of the total trees/ha. Species are sorted by dominance in combined 1976 data. Scientific names of species are 
listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, not applicable]



Species
Floodplain  



species  
category



Density, in trees/ha



Canopy trees Subcanopy trees



1976 data
2004 data 2004 data ARQA cruise-



transect data 
Thesis and ARQA 



intensive-plot data
Combined  
1976 data



A. High bottomland hardwoods
ironwood 3 176.15 33.07 157.28 68.80 34.39



sweetgum 3 120.35 198.50 141.80 111.90 22.90



possum haw 3 104.71 51.09 109.35 24.24 137.27



hackberry 3 77.51 41.24 73.82 73.78 89.61



swamp privet 2 40.96 4.94 42.01    



box elder 3 23.20 29.14 27.28 47.67 23.36



swamp laurel oak 2 22.34 18.75 24.52 11.12 6.72



water oak 3 26.09 15.06 23.67 50.16 28.87



green ash 2 9.17 43.46 18.00 11.41 4.91



overcup oak 2 15.73 5.92 16.76 4.41 9.93



American elm 2 8.67 7.39 9.24 18.29 3.46



Chinaberry 4 5.74 29.64 9.14 8.77 3.15



water hickory 2 6.66 20.74 8.87 12.12 5.12



sycamore 3 11.66 12.10 8.86 9.23  



red maple 2 9.34 4.94 8.43 4.59 4.35



green haw 2 5.20 11.36 5.00 1.77 4.91



swamp chestnut oak 3 5.12   4.69 5.14 4.91



red mulberry 3 4.47 1.48 2.55 3.69 1.45



winged elm 4 2.80 5.18 2.50 18.66 12.56



slippery elm 4 4.43   2.22 3.19 0.57



persimmon 3   5.68 1.20 6.74 11.84



swamp tupelo 1 2.12   1.06 6.59  



black walnut 4   4.94 1.04    



buckthorn bumelia 3 2.1   1.03 2.39 2.84



bald cypress 1 1.4   0.68    



black tupelo 4 0.5   0.25    



spruce pine 3 0.5   0.24    



pagoda oak 3 0.4   0.22    



river birch 2   0.74 0.16 3.64  



loblolly pine 4 0.2   0.10    



American holly 3       38.44 40.07



silverbell 4       9.41 5.12



bitternut hickory 3       2.39 7.96



Southern magnolia 4       1.45  



popash 1       0.80  



planer tree 1       0.80  



Chinese tallow tree 3       0.80  



cherry laurel 4       0.80 1.14



Ogeechee tupelo 1       0.73  



elderberry 3         0.60



Average total density, in trees/ha 687 545 702 564 467
Number of trees sampled 352 283 635 671 620
Total area sampled, in ha na 0.49 na 1.22 1.22











32    Drier Forest Composition Associated with Hydrologic Change in the Apalachicola River Floodplain, Florida



Species
Floodplain  



species  
category



Density, in trees/ha



Canopy trees Subcanopy trees



1976 data



2004 data 2004 data ARQA cruise-
transect data 



Thesis and ARQA 
intensive-plot data



Combined  
1976 data



B. Low bottomland hardwoods
swamp laurel oak 2 20.25 74.57 47.41 35.65 13.29



overcup oak 2 56.42 32.30 44.36 28.21 26.99



water hickory 2 28.96 56.57 42.77 73.87 19.46



ironwood 3 40.23 44.05 42.14 35.21 15.31



green ash 2 50.82 31.30 41.06 28.90 9.05



river birch 2 68.07 9.98 39.03 23.81 0.43



American elm 2 42.41 34.34 38.38 29.67 6.83



red maple 2 39.38 19.22 29.30 42.16 37.68



sweetgum 3 28.92 19.97 24.44 35.63 10.74



planer tree 1 6.18 36.95 21.57 18.71 16.44



possum haw 3 9.00 31.59 20.29 39.23 179.41



hackberry 3 14.04 16.63 15.33 38.45 32.47



bald cypress 1 1.88 24.80 13.34 12.05 2.64



Ogeechee tupelo 1 8.01 18.23 13.12 18.20 4.24



popash 1 6.41 7.43 6.92 8.24 4.87



water tupelo 1 8.30 4.52 6.41 13.08 0.96



green haw 2 5.25 6.88 6.07 3.91 7.70



swamp privet 2 7.87 2.81 5.34 3.25 9.29



sycamore 3 1.70 7.05 4.37 3.85  



black willow 1   8.12 4.06    



box elder 3 7.32 0.53 3.92 9.03 18.33



water locust 2 1.28 6.33 3.81 6.70 1.16



water oak 3 2.73 1.21 1.97 2.58 1.29



swamp cottonwood 1 1.71   0.86 1.79  



laurel oak 4 0.09 1.21 0.65    



persimmon 3 0.68 0.26 0.47 4.49 1.84



black tupelo 4 0.32   0.16    



swamp tupelo 1 0.22   0.11    



swamp chestnut oak 3 0.21   0.11    



buttonbush 1   0.08 0.04 7.44 2.28



stiffcornel dogwood 2       1.73 5.36



red mulberry 3       1.33  



sweetbay 3       0.43  



American holly 3         0.73



Average total density, in trees/ha 459 497 478 528 420
Number of trees sampled 409 602 1,011 1,319 1,240
Total area sampled, in ha na 1.31 na 2.55 2.55



Table 8.  (Continued)  Density of tree species in forests of the Apalachicola River floodplain, Florida.



[Density, in trees per hectare (trees/ha), was weighted by the percent of area of each forest type in each reach. The sum of the trees/ha of the most dominant 
species (in bold) is greater than 50 percent of the total trees/ha. Species are sorted by dominance in combined 1976 data. Scientific names of species are 
listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, not applicable]











Changes in Hydrology and Forest Composition    33



Species
Floodplain  



species  
category



Density, in trees/ha



Canopy trees Subcanopy trees



1976 data



2004 data 2004 data ARQA cruise-
transect data 



Thesis and ARQA 
intensive-plot data



Combined  
1976 data



C. Swamp
popash 1 317.03 338.25 327.64 112.31 46.81



water tupelo 1 308.43 292.39 300.41 224.67 11.17



Ogeechee tupelo 1 166.87 103.68 135.27 73.24 5.94



bald cypress 1 138.87 115.48 127.17 109.53 50.01



planer tree 1 110.15 98.49 104.32 54.18 55.69



swamp tupelo 1 6.09 13.41 9.75 6.02  



red maple 2 3.35 10.44 6.90 20.71 19.65



river birch 2 4.48 7.90 6.19 13.73 5.65



swamp cottonwood 1 4.92 6.92 5.92 3.47 0.38



overcup oak 2 3.81 5.67 4.74 17.54 12.50



American elm 2 5.12 3.18 4.15 3.09 4.82



water hickory 2 1.42 4.59 3.00 4.59 7.63



sycamore 3 0.35 5.57 2.96 0.23  



swamp privet 2 2.43 2.19 2.31 0.50 1.08



water locust 2 3.73 0.84 2.29 4.61 1.65



green ash 2   2.07 1.03 6.24 1.50



buttonbush 1 1.54 0.34 0.94 1.08 11.79



hackberry 3 0.39 1.38 0.88 0.69 1.55



black willow 1 1.60   0.80    



green haw 2   1.38 0.69 0.22 0.83



white titi 3   0.84 0.42   0.83



winged elm 4   0.50 0.25   0.19



slippery elm 4 0.48   0.24    



swamp laurel oak 2 0.44   0.22 6.95 3.25



sweetgum 3       2.26 0.40



possum haw 3       2.21 5.45



persimmon 3       1.08 1.08



hazel alder 2       0.46 13.34



ironwood 3       0.46 0.63



box elder 3       0.06 1.84



American snowbell 2         15.35



stiffcornel dogwood 2         4.30



winterberry 2         0.42



sarvis holly 1         0.21



Average total density, in trees/ha 1,082 1,016 1,049 670 286
Number of trees sampled 640 544 1,184 1,582 620
Total area sampled, in ha na 0.72 na 2.45 2.45



Table 8.  (Continued)  Density of tree species in forests of the Apalachicola River floodplain, Florida.



[Density, in trees per hectare (trees/ha), was weighted by the percent of area of each forest type in each reach. The sum of the trees/ha of the most dominant 
species (in bold) is greater than 50 percent of the total trees/ha. Species are sorted by dominance in combined 1976 data. Scientific names of species are 
listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, not applicable]
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Table 9.  Dominant tree species in 1976 and 2004 forests of the Apalachicola River 
floodplain, Florida.



[The sum of the basal area or density of the dominant species is greater than 50 percent of 
basal area or density in the data set. Species are listed in in each catetory by descending 
dominance. Scientific names of species are listed in appendix 1. Hiblh, high bottomland 
hardwoods; Loblh, low bottomland hardwoods]



Forest 
type



Type of dominance



Basal area Density



1976 data 2004 data 1976 data 2004 data



Hiblh sweetgum 
hackberry



sweetgum 
hackberry 
water oak



ironwood 
sweetgum 



possum haw



sweetgum 
hackberry 
ironwood 
water oak



Loblh



water hickory 
overcup oak 



swamp laurel oak 
green ash



water hickory 
overcup oak 



swamp laurel oak 
green ash



swamp laurel oak 
overcup oak 



water hickory 
ironwood 
green ash 
river birch



water hickory 
red maple 



possum haw 
hackberry 



swamp laurel oak 
sweetgum 
ironwood



Swamp water tupelo 
bald cypress



water tupelo 
bald cypress



popash 
water tupelo



water tupelo 
popash



Trees Species Abundance throughout the 
Nontidal Floodplain



Estimates of total basal area and number of trees 
throughout the entire nontidal floodplain forest are listed 
in table 10 for 15 tree species individually and for all other 
species combined. The 15 species include all 14 dominants 
from table 9 plus Ogeechee tupelo. Ogeechee tupelo had the 
third highest weighted basal area of any species in any forest 
type (table 7), but was not a “dominant” species in swamps, 
because water tupelo and bald cypress had higher basal 
areas that made up more than 50 percent of total basal area 
in swamps. Ogeechee tupelo is the source of a unique honey 
and the high concentration of Ogeechee tupelo in the lower 
Apalachicola River floodplain makes production of this honey 
economically feasible (Oertel, 1934; Rahmlow, 1960). Water 
tupelo was the most important tree in the 1976 and 2004 flood‑
plain in terms of both basal area and number of trees (table 10). 
Species in table 10 are arranged in descending order by the 
average FI of all the plots where they were sampled in 1976, 
based on data presented in appendix 8 for 30 species. 



The total number of trees throughout the entire nontidal 
floodplain forest has decreased significantly by 4.3 million 
trees (1976, mean (x) = 1,550,000 trees, standard deviation 
(sd) = 1,056,000; 2004, x = 1,251,000 trees, sd = 870,000; 
p < 0.030) (table 10). The greater part of this loss was in FSC1 
species (popash, Ogeechee tupelo, bald cypress, and water 
tupelo) which lost nearly 3.3 million trees. Unlike bottomland 
hardwood species that can grow in some swamp habitats 
downslope that have become drier, swamp species do not 
usually grow in ponds, stream bottoms, and riverbeds (which 
are the primary habitats downslope from swamps) because 
those habitats are still typically inundated year round and 



do not support trees of any type. All FSC1 species listed in 
table 10 decreased in basal area although change in basal area 
was not significant for all species.



Changes in basal area and number of trees for individual 
species were also statistically analyzed using unweighted basal 
areas and densities from the replicate plots. The decrease in basal 
area of popash was highly significant (1976, x = 3.3 m2/ha, 
sd = 7.2; 2004, x = 0.9 m2/ha, sd = 1.9; p < 0.002). Although 
there was a significant difference (p < 0.078) between the 1976 
and 2004 basal area of bald cypress, the 2004 average basal area 
of 6.8 m2/ha was slightly greater than the 1976 basal area of 
5.3 m2/ha on replicate plots, a result that contradicts the results 
from the weighted values shown on table 10 that shows a 1.3 
percent loss in the basal area of bald cypress in 2004.



Changes in tree density, based on statistical analysis of 
unweighted data, were significant for one Hiblh and three swamp 
species. Water oak had a significant increase in density (1976, 
x = 5.2 trees/ha, sd = 17.1; 2004, x = 8.5 trees/ha, sd = 29.3; p 
< 0.087). Although the computed loss of ironwood trees was 
very large, the decrease in density of ironwood was not statisti‑
cally significant when replicate plot data were used (p = 0.150). 
Declines in tree density were significant for the swamp species: 
popash (1976, x = 120 trees/ha, sd = 308; 2004, x = 39 trees/ha, 
sd = 79; p = 0.013), Ogeechee tupelo (1976, x = 78 trees/ha, sc = 
259; 2004, x = 32 trees/ha, sd = 59; p = 0.054), and water tupelo 
(1976, x = 196 trees/ha, sd = 435; 2004, x = 140 trees/ha, sd = 259; 
p = 0.041). This represents a decline in density of 63 percent for 
popash, 59 percent for Ogeechee tupelo, and 29 percent for water 
tupelo.  The same three species had smaller percentage declines 
in numbers of trees in table 10 (38 percent fewer trees for popash, 
44 percent for Ogeechee tupelo, and 19 percent for water tupelo). 
The results in table 10 are probably better estimates of percentage 
decline than the density calculations made from unweighted 
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data, because the table 10 results were based on a larger number 
of sampling plots. Table 10 results, however, could not be tested 
statistically because of weighting calculations needed to estimate 
numbers of trees floodplain-wide. It can reasonably be assumed 
that declines in number of trees for these three swamp species are 
at least 38 percent for popash, 44 percent for Ogeechee tupelo, and 
19 percent for water tupelo.  



Distribution of Species



Changes in the distribution of all species were examined 
by comparing 1976-1984 data (including data from Gholson, 
1985) to the 2004 data. The plant species lists created by 
Gholson in 1984 are the most complete listing of species 
throughout the floodplain. Only species listed by Gholson 
as occurring in the overstory and understory or as trees and 
shrubs were compared to 2004 canopy and subcanopy trees.



All 14 dominant species are found throughout the nontidal 
floodplain from rm 104.8 (the upstream limit of sampling) to 
rm 19.8 (the downstream limit of the nontidal area). Ogeechee 
tupelo was not observed on the Apalachicola River floodplain 
upstream of rm 85.8 in any of the studies. The distribution of 
these 15 species has not changed since 1976. 



Three tree species, with sample sizes of 10 or more 
in the 2004 data, were not sampled in the 1976 datasets. 
The most important of these species is American holly. Out 
of 3,572 canopy trees sampled in the 2004 data, 32 trees were 
American holly. An additional 40 American holly trees were 
found in the 2004 subcanopy. In the 1976 data, no American 
holly trees were sampled in a total of 2,971 canopy trees. 
In 1984, however, Gholson (1985) recorded American holly 
in the upper and lower reaches, and the 2004 data showed that 
it was found in all reaches of the nontidal floodplain. On the 
Ochlockonee River floodplain, American holly grew on the 
high terraces at higher median elevations than water oak or 
sweetgum (Light and others, 1993).



Silverbell is a small canopy tree that was sampled in the 
upper and middle reaches in Hiblh forests in 2004 (11 canopy 
trees, 9 subcanopy trees), but was not sampled in 1976. 
The range of this tree in 1984 in the Gholson study was similar 
to its range in 2004.



Fifteen American snowbells were found in the 2004 
subcanopy on the WEW transect in the middle reach and on 
plots in the lower reach, but the species was not recorded in 
the 1976 canopy or subcanopy and was seen by Gholson only 
in tidal floodplains downstream of rm 19. American snowbell 
was a subcanopy species found only in the upper tidal reach 
of the Suwannee River (Light and others, 2002). The change 



Table 10.  Total basal area and number of trees of important species in forests in the nontidal Apalachicola River floodplain, Florida.



[Total basal area and number of trees were weighted by the percent of area of each forest type in each reach before combining values from forest types. 
Losses in dominance values are shown in gray. Significant differences between 1976 canopy and 2004 canopy were determined using t-test. Probabilities (p) 
shown with ** are less than 0.05. Average Floodplain Indices (FI) of plots where sampled are from appendix 8. FSC, Floodplain Species Category]



Species a



Average FI  
of 1976  
plots  



where 
sampled



FSC



Basal area, in thousands of square meters Number of trees, in thousands



1976 2004 Difference
Difference,  
in percent



1976 2004 Difference
Difference,  
in percent



water oak 2.730 3 24.7 29.5 4.8 19.4      235      378 143 60.8



sweetgum 2.614 3 102.7 111.1 8.5 8.3   1,487    1,330 -157 -10.5



hackberry 2.547 3 53.1 52.5 -0.6 -1.2      949   1,159 210 22.2



ironwood 2.528 3 31.0 18.5 -12.5 -40.5   2,600  1,000 -1,601 -61.6



possum haw 2.505 3 9.5 5.5 -3.9 -41.6      553  580 27 4.9



green ash 2.281 2 65.0 56.8 -8.2 -12.6       550  501 -48 -8.8



swamp laurel oak 2.249 2 58.1 64.6 6.5 11.1   1,273 1,839 566 44.4



water hickory 2.154 2 86.2 102.6 16.5 19.1   1,054  985 -69 -6.6



red maple 2.061 2 11.9 19.5 7.6 63.9   1,312 849 -463 -35.3



overcup oak 1.980 2 69.4 68.1 -1.3 -1.9      695 357 -339 -48.7



river birch 1.848 2 29.4 25.7 -3.8 -12.8      577  453 -124 -21.5



popash 1.254 1 52.2 23.8 -28.4 -54.5   3,266 2,027 -1,240 -38.0



Ogeechee tupelo 1.226 1 116.4 105.7 -10.7 -9.2   2,335 1,319 -1,015 -43.5



bald cypress 1.190 1 108.8 107.5 -1.3 -1.2    1,421 1,064 -357 -25.1



water tupelo 1.138 1 295.1 261.6 -33.5 -11.4 3,517 2,836 -680 -19.3



All others 120.9 121.0 0.1 0.1  2,976 3,335 359 12.1



Total for all species 1,294.6 1,293.7 -0.9 -0.1  24,800 20,510 -4,290 ** -17.3 **



a See appendix 1 for scientific names.
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in distribution of American snowbell may be an indicator of 
decreased flood durations occurring in the lower part of the 
nontidal floodplain.



Two exotic species that commonly grow on disturbed 
sites in upland or wetland forests may have increased their 
range in the Apalachicola River floodplain. Chinaberry was 
sampled only in the upper reach in the 1976 data and the 
Gholson study, but was in both the upper and middle reaches 
in the 2004 data. Although only one canopy specimen of 
Chinese tallow tree was recorded on 2004 plots, this exotic 
species was observed growing in the upper and middle reaches 
at many sites. No Chinese tallow trees were recorded in the 
1976 data or by Gholson. 



Basal Area and Density of Trees by Forest Type 
and Floodplain Species Category



Basal area and density of 1976 and 2004 forest types 
and species grouped by FSCs were calculated from replicate 
plot data (71 pairs, 142 plots) so that t-tests could be used to 



determine significance of differences. The total basal area 
and density of forest types shown in figure 13 are weighted 
by the percentage of area of the forest type in each reach, but 
statistical results shown in the figure were calculated using 
unweighted replicate plot data. Means of the weighted data 
are slightly different from means of the unweighted data.



Basal area did not change significantly from 1976 to 
2004 (fig. 13). The relative stability of average basal area by 
forest type should not be construed as the overall condition of 
bottomland hardwood forests in the 2004 floodplain because 
there was a sampling bias toward undisturbed sites. Many 
of the 1976 Hiblh and Loblh plots were not sampled in 2004 
because of clear-cutting, especially on the CH, OR, and MR 
transects. Less clear-cutting occurred in swamps than occurred 
in bottomland hardwoods (although one swamp plot at WEW 
was cleared). Evidence of selective cutting in swamps was 
recorded in 1976 as well as in 2004, usually as bald cypress 
stumps, but was not common in either survey.
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Figure 13.  Mean basal area and density of trees on 1976 and 2004 replicated forest plots in the Apalachicola 
River floodplain, Florida. Number of pairs of replicate plots are given in parentheses below forest types. Basal 
area and density were weighted by the percent of area of each forest type in each reach. Probabilities (p) 
determined from t-test are based on unweighted data. P values shown with * are < 0.1 but > 0.05; with **, < 0.05.
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Canopy density has decreased in all forest types, and 
the loss of density (37 percent  less) was highly significant 
in swamps (1976, x = 1111 trees/ha, sd = 875; 2004, x = 699 
trees/ha, sd = 427; p = 0.001). Subcanopy tree density in 2004 
swamps was also significantly less than 1976 canopy density 
in swamps (1976 canopy, x = 1100 trees/ha, sd = 902; 2004 
subcanopy, x = 290 trees/ha, sd = 436; p < 0.001). 



The decrease in density of canopy trees in swamps 
has important ramifications for future swamp composition. 
Thinning of the canopy allows more sunlight on the forest 
floor, which may allow greater growth of ground-cover plants 
on the forest floor. In turn, the thicker ground cover makes 
it more difficult for tree seedlings to become established. 
Some swamps that were known to be nearly bare of ground 



cover in 1976 were densely covered with grasses and sedges 
in 2004 (cover photo). The average extent of ground cover 
on 2004 swamp plots averaged nearly 40 percent. In the 
Suwannee River floodplain, the same observer estimated 
ground-cover extent to average about 25 percent in nontidal 
swamps (Darst and others, 2002). Most of the ground cover 
species seen in 2004 swamps in the Apalachicola River 
floodplain were perennial grasses such as savannah panicum 
(Phanopyrum gymnocarpon).



When species in each forest type were grouped by FSCs, 
the changes in density from the 1976 canopy to the 2004 
canopy and subcanopy on replicated plots was significantly 
toward drier forest compositions in Loblh forests and swamps 
(fig. 14). In all forest types, the dominant FSCs in the 1976 
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Figure 14.  Mean density of trees grouped by Floodplain Species Categories on replicated forest plots (1976 and 2004) in the Apalachicola 
River floodplain, Florida. Number of pairs of replicate plots are given in parentheses below forest types. Densities were weighted by the 
percent of area of each forest type in each reach. Significant differences between 1976 canopy and 2004 canopy and subcanopy were 
determined using t-test. Probabilities (p) were calculated using unweighted data. P values shown with *  are < 0.1 but > 0.05; with **, < 0.05.
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canopy had a lower density in both the 2004 canopy and 
subcanopy. For example, in Loblh forests, the density of FSC2 
species (green bars) was significantly less in the 2004 canopy 
and subcanopy than it was in the 1976 canopy. In Loblh 
forests, the density of the next drier FSC group (FSC3, tan 



bars) had significantly increased in 2004. In swamps, the FSC2 
group increased in density while the FSC1 group decreased. 
The results of statistical tests on unweighted data from replicate 
plots are shown in table 11. The mean values for unweighted 
data are slightly different from values for weighted data.



Table 11.  Statistical evaluation of differences between densities of trees grouped by Floodplain Species Categories on 
replicate forest plots (1976 and 2004)  in the Apalachicola River floodplain, Florida.



[Significant differences between 1976 canopy and 2004 canopy and subcanopy density of Floodplain Species Categories (FSC) were deter‑
mined using t-test. Canopy includes trees ≥ 7.5 centimeter (cm) diameter at breast height (dbh); subcanopy trees are < 7.5 and ≥ 2.5 cm dbh.  
Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods; sd, standard deviation; x, mean;  >, greater than; ≥, greater than or 
equal to; <, less than; ≤, less than or equal to]



  Indicates difference is highly significant (p ≤ 0.05)
  Indicates difference is less significant  (p < 0.1 > 0.05)
  Indicates difference is not significant (p ≥ 0.1)



Forest type 
(number of pairs 



of replicate 
plots sampled)



FSC group
Mean density, in trees/ha, and standard deviation



Statistical significance of difference 
from 1976 canopy density for:



1976 canopy 2004 canopy 2004 subcanopy 2004 canopy 2004 subcanopy



Hiblh 
(15)



FSC1 x =   4.8
sd = 40.2



x =   8.8
sd = 17.2



  x = 0
sd = 0



p = 0.312 p = 0.087



FSC2 x = 72.4
sd = 72.4



x = 60.3
sd = 47.9



x = 33.4
sd = 26.0



p = 0.287 p = 0.026



FSC3 x = 459.7
 sd = 397.9



x = 433.9
 sd = 152.7



x = 581.6
 sd = 524.3



p = 0.396 p = 0.265



FSC4 x =   47.4
sd = 125.6



x = 46.5
sd = 59.9



x = 34.7
sd = 59.3



p = 0.487 p = 0.357



All x = 594.3
sd = 412.1



x = 549.4
sd = 153.2



x = 649.7
sd = 524.6



p = 0.326 p = 0.392



Loblh 
 (20)



FSC1 x = 58.7
sd = 85.4



x =   84.0
sd = 135.6



x = 28.6
sd = 39.6



p = 0.166 p = 0.091



FSC2 x = 360.8
sd = 263.1



x = 248.4
sd = 147.0



x = 99.2
sd = 91.1



p = 0.044 p < 0.001



FSC3 x = 101.5
 sd =   94.7



x = 161.4
 sd = 145.4



x = 301.2
 sd = 237.6



p = 0.063 p = 0.001



FSC4 x = 0.33
sd = 1.5



x = 0
sd = 0



x = 2.0
sd = 5.9



p = 0.165 p = 0.135



All x = 521.3
sd = 299.5



x = 493.9
sd = 160.5



x = 431.1
sd = 230.3



p = 0.367 p = 0.239



Swamp 
(36)



FSC1 x = 1,067.6
sd =    884.7



x = 609.8
sd = 461.6



x = 174.2
sd = 405.5



p < 0.001 p < 0.001



FSC2 x =   39.0
sd = 102.8



x =   75.1
sd = 107.6



x =   90.8
sd = 148.1



p = 0.084 p = 0.009



FSC3 x = 2.6
 sd = 9.2



x = 13.8
 sd = 32.4



x = 25.1
 sd = 56.4



p = 0.016 p = 0.013



FSC4 x =   1.8
sd = 10.2



x = 0
sd = 0



x = 0.3
sd = 1.9



p = 0.143 p = 0.188



All x = 1,111.1
sd =    874.6



x = 698.6
sd = 426.8



x = 290.5
sd = 436.2



p = 0.001 p < 0.001
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Growth Rates, Tree Sizes, Mortality, and 
Recruitment



Data on tree species and forest types were obtained at the 
thesis plots in 2004 by sampling the survivors of the trees that 
were sampled in 1976. Analyses of these data are presented in 
detail, because information of this type is rarely available for 
the same set of trees over a long period of time (28 years).



Growth Rates



The average growth rate for all tree species on the 
thesis transects was 0.38 cm/yr (table 4). All results were 
shown in table 4 regardless of sample size because growth 
rates of many floodplain tree species are poorly known. 
Species that are typically dominant in Hiblh forests would be 
expected to have optimum growth rates in Hiblh forests, but 
sweetgum and hackberry grew at a faster rate in Loblh than 
in Hiblh forests (table 4). Drier conditions may have slowed 
the growth of these species in Hiblh forests relative to their 
growth in Loblh forests. Slow-growing species, such as green 
haw, possum haw, persimmon, and box elder are typically 
small canopy trees at maturity. When young, these smaller 
trees may grow more rapidly in temporary openings in the 
canopy and then grow very slowly when ultimately suppressed 



by the taller canopy trees. Most possum haw and popash trees 
have multiple trunks, and growth rates for these species may 
not apply to any individual trunk, but are still indicative of the 
rate of increase in biomass.



Growth rates of 51 trees at the BLT transect were 
compared statistically to growth rates for the same trees 
determined from tree-ring samples taken in 2006 (Smith, 
2007). The 51 trees sampled were of 5 species (bald cypress, 
hackberry, swamp laurel oak, overcup oak, and green ash) and 
had an average dbh of 42 cm. No significant difference was 
found between growth rates of individual trees determined by 
Smith from tree rings and those calculated from dbh measure‑
ments (p = 0.647) using the Wilcoxon matched-pairs signed-
ranks test. 



Incremental Tree-Size Groups



Incremental size groups of trees on the thesis plots in 
1976 and 2004 are shown in figure 15. The tops of the bars 
form the inverted J-shaped curve that is typical of mature, 
continually regenerating forest stands (Shimano, 2000). 
The slightly less steeply curved shape of the 2004 data size 
groups indicates some maturing of the forests with an increase 
in the number of trees in the number 5 or larger size groups. 
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Figure 15.  Incremental size groups of canopy trees on the thesis transects in 1976 and 2004 on the Apalachicola River 
floodplain, Florida. Incremental size groups of canopy trees have diameters at breast height in 10 cm increments beginning 
with size group 2 (≥ 7.5 and < 17.4 cm) and ending with size group 15 (≥ 137.5 and < 147.4 cm).
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Changes in incremental tree-size groups (fig. 15), total 
basal area, and average dbh of canopy trees (table 12) for 
forest types support the conclusion that, although the forests 
at the thesis transects appeared to be mature in 1976, some 
additional maturation had occurred by 2004. At the WEW 
transect, the position of the site on newly created land formed 
by a laterally accreting bank (fig. 5), helps explain why forests 
were younger at the WEW transect in 1976, but the BLT 
transect is on an eroding channel bank. Forests on the BLT 
transect appeared to be mature in 1941 aerial photos (fig. 3), 
but they may still have been recovering from selective cutting 
done in the late 1800s and early 1900s, because the maximum 
potential for biomass had not been realized in 1976.



Mortality and Recruitment Rates



Out of 717 canopy trees surveyed at BLT and WEW 
in 1976, 255 trees were dead in 2004 (table 12). Snags, 
stumps, holes, or depressions were evident where most trees 
had died. The combined mortality rate averaged 1.3 percent 
per year at both transects. By 2004, 251 new canopy trees 
appeared at both transects, bringing back the total number of 
canopy trees alive in 2004 to 713. Tree numbers were main‑
tained in a nearly steady state by mortality and recruitment 



rates, but there was a small net loss of trees at BLT (2.2 
percent) and an increase in trees at WEW (4.7 percent) over 
an average of 28 years.



 Mortality per year at both transects was lower in swamps 
and in Loblh plots than in the only Hiblh plot (the levee at 
BLT), which had a mortality rate of 1.5 percent. Average 
recruitment rates per year were highest in Loblh and lowest in 
Hiblh. The net result of these changes is a loss of tree density 
in Hiblh and in swamps, and a gain in tree density in Loblh 
forests.



 Mortality and recruitment of 14 tree species at the thesis 
transects are shown in table 13. Although water oak is a 
dominant species (table 9), it was not included, because only 
one tree was sampled on the thesis plots in 1976. Four species 
dominant in Hiblh forests (sweetgum, hackberry, ironwood, 
and possum haw) had higher recruitment in Loblh than in 
Hiblh forests, which could be an indication of drier hydro‑
logic conditions. Although all three species, which are listed 
as intolerant of shade, are in decline at the thesis transects 
(which might be expected in maturing forests), several species 
listed as intermediate or very tolerant of shade are also 
decreasing in density. 



Table 12.  Composition characteristics of 1976 and 2004 forest types at the BLT and WEW transects in the Apalachicola 
River floodplain, Florida.



[Data were collected at plots used in thesis research by Leitman (1978). Data from 1976 were modified to match boundaries of remnant 
plots in 2004. dbh, diameter at breast height; ha, hectare; m2, square meters]



Forest Types



Hiblh Loblh Swamp All types



  1976 2004 1976 2004 1976 2004 1976 2004



Area, in ha 0.266 0.266 1.012 1.012 0.322 0.322 1.6 1.6



Total basal area, in m2 8.98 9.79 22.72 31.05 8.21 11.37 39.91 52.21



Basal area, in m2/ha 33.7 36.8 20.6 27.7 28.9 37.7 24.9 32.6



Average dbh per canopy tree, in centimeters 22.0 26.9 22.2 23.6 23.0 28.0 22.3 24.9



Number of  trees 168 123 430 479 119 111 717 713



Density, in trees/ha 632 462 398 448 385 369 488 446



Dead trees in 2004 70 149 36 255



Mortality, in percent of trees per year 1.5 1.2 1.1 1.3



New trees in 2004 25 198 28 251



Recruitment, in percent of trees per year 0.5 1.7 0.8 1.3



Net change in density, in percent of trees 
per year -1.0 0.5 -0.3 0.0
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Floodplain Indices
FIs were used to quantitatively compare the relative 



wetness or dryness of forest tree species compositions. The FIs 
of plots and tree-size classes in 1976 and 2004 forests were 
compared to each other and to FIs from forests on other north 
Florida streams. The changes in FIs at the thesis plots, where 
1976 trees were exactly recovered in 2004, are also discussed. 
The significance of differences in FIs was statistically exam‑
ined with the Wilcoxon matched-pairs signed-ranks test. 



Replicate Plots



The composition of 2004 plots that replicated 1976 
plots (71 pairs of plots) averaged 4.4 percent (+0.044) drier 
(p = 0.086, table 14, app. 9). Analysis of replicate plots 
grouped by forest types indicates that most of this drying 
occurred in swamps that were significantly drier in 2004 (8.8 
percent, p = 0.026). Analysis grouped by reach indicated that 
replicate plots of all forest types in the upper reach aver‑
aged 5.0 percent drier in composition than in 1976 forests 
(p = 0.066). Replicate plots in the middle and lower reaches 
were not significantly drier in composition than 1976 plots. 



The relatively small change in FIs of 4.4 percent found in 
replicate plot sampling was probably due to the importance of 
the large canopy trees in determining FIs. The total basal area 
of the large canopy trees was more than 80 percent of the total 
basal area for all trees in the 1976 and 2004 datasets. The 2004 
large canopy tree-size class, with a median age of 99 years 
(table 5), grew in pre‑1954 hydrologic conditions for nearly 
half of their lives. Eventually, the larger trees will be replaced 
by trees that have lived entirely in post-1954 years. 



A comparison of FI values for the 1976 canopy and 
small canopy tree classes on the eight replicated thesis plots 
is shown in table 15. The 1976 small canopy trees were drier 
at five plots and wetter at three plots than the 1976 canopy 
tree-size class. If the smaller canopy tree-size class was an 
indicator of the future composition of the canopy, five plots 
would be expected to have become drier and three would have 
become wetter. The 1976 small canopy composition predicted 
the direction of change (to drier or wetter FI) in composition 
of the 2004 canopy correctly in seven of eight cases. At one 
Loblh plot at WEW, the canopy became drier despite the 
indication of a future change to a wetter canopy. 



Table 13.  Mortality and recruitment of 14 tree species on the BLT and WEW transects in the Apalachicola River floodplain, Florida.



[Species are listed in descending order by net change. Scientific names of species are listed in appendix 1. Hiblh, high bottomland hardwoods; Loblh, 
low bottomland hardwoods; yr, year]



Species FSC
Sample 



size
Shade  



tolerancea



Mortality, in percent/yr Recruitment, in percent/yr Net 
change, in 
percent/yrHiblh Loblh Swamp All Hiblh Loblh Swamp All



Ogeechee tupelo 1 17 not listed   0.000 0.000 0.000   7.181 4.695 5.280 5.28



hackberry 3 46 very tolerant 0.399 0.873   0.781 0.000 2.135 new 2.030 1.25



ironwood 3 36 very tolerant 1.056 1.134   1.097 1.690 2.835   2.294 1.20



overcup oak 2 46 moderately 
intolerant



1.795 0.850 1.795 1.015 0.598 1.795 1.795 1.639 0.62



swamp laurel oak 2 52 intermediate to 
intolerant



1.306 1.051   1.105 0.326 2.102   1.726 0.62



red maple 2 22 tolerant   1.026 0.449 0.816 new 1.795   1.306 0.49



bald cypress 1 23 intermediate   0.000 0.239 0.156   1.795 0.000 0.624 0.47



possum haw 3 36 very tolerant 1.867 0.979   1.596 0.575 3.591   1.496 -0.10



green ash 2 45 intermediate 1.436 1.197 1.795 1.277 0.000 1.415 0.000 1.037 -0.24



water hickory 2 65 intermediate 3.591 1.274   1.381 1.197 0.985   0.994 -0.39



water tupelo 1 17 intolerant     0.785 0.785     0.000 0.000 -0.79



sweetgum 3 116 intolerant 1.323 1.643   1.486 0.063 0.669   0.371 -1.11



popash 1 36 intermediate   1.197 2.067 1.995   0.000 0.000 0.000 -2.00



river birch 2 7 intolerant 3.591 2.394   2.565 0.000 0.000   0.000 -2.57



a From Clark and Benforado, 1981.
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The Hiblh plot at BLT had the greatest change to drier 
composition of any thesis plot (18 percent, table 15). This 
plot was located on an eroding bank and part of the original 
plot was gone in 2004. Increased drainage caused by close 
proximity of this plot to the river channel probably contributed 
to the change to drier species composition. The Loblh plot 
adjacent to the Hiblh plot at BLT was not in close enough 
proximity to the channel to be affected by increased drainage. 
That Loblh plot and the swamp plot on the BLT transect 
were wetter in composition in 2004 than in 1976. The swamp 
plot is in a depression that collects water during heavy rains 
and retains water after river overflows. The Loblh plot is 
connected to the same swamp by a shallow swale. If beaver 
activity (which was observed in the BLT swamp in 2005) is 
greater now than it was prior to 1976, water retention on these 
two plots could have increased. 



Floodplain forests could change to a drier species 
composition if flood durations become shorter or if the deposi‑
tion of alluvial sediments increased ground elevations. There 
was no evidence of significant sedimentation on either thesis 



transect since 1976. Photographs taken from about the same 
spot in 1977 and 2005 at the BLT transect show a remarkable 
similarity in the exposure of tree bases (fig. 16). 



FIs of canopy trees on all thesis plots averaged 6.7 
percent drier from 1976 to 2004 (table 15), which was more 
than the average difference for the whole replicate plot set (4.4 
percent, table 14). The rate of change in FI values from 1976 
to 2004 for canopy trees at all thesis plots averaged 0.2 percent 
drier per year. If this rate of change remains constant, plots at 
the WEW and BLT transects could become 19.4 percent drier 
than the 2004 canopy by 2085, the year when the median age 
of surviving 2004 subcanopy trees will reach the median age 
(99 years) of the 2004 large canopy trees. 



1976 Size Classes
Water-level decline began in 1954, so FI values for 



the tree-size classes at the 1976 thesis and ARQA intensive 
plots were analyzed to determine if changes to drier forest 
composition were already evident in 1976. At these 21 plots, 
the average FI value for all canopy trees was significantly 



Table 14.  Changes in Floodplain Indices from 1976 to 2004 for replicate plots grouped by 
reach and forest type in the Apalachicola River floodplain, Florida.



[Results are listed for individual plots in appendix 9. A change of  + 0.01 in a Floodplain Index (FI) 
is a change of 1 percent of the species composition (as determined by dominance) toward a drier 
forest type. FIs are calculated from relative basal areas of canopy trees weighted by the Floodplain 
Species Category. Significant differences between 1976 canopy and 2004 canopy were determined 
using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 but < 0.10; 
with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods; n; sample 
size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



  Indicates FI for 2004 plot is drier than FI for 1976 plot (difference is positive)
  Indicates FI for 2004 plot is wetter than FI for 1976 plot (difference is negative)



 Reach
 Forest 



type
 Sample 



size



Average Floodplain Indices (FI) Difference in FI  
(2004 canopy minus  



1976 canopy) 1976 canopy 2004 canopy



UPPER



Hiblh   9 2.801 2.821 0.019



Loblh   7 2.150 2.183 0.033



Swamp 14 1.034 1.113 0.079 *



All 30     0.050 *



MIDDLE



Hiblh   6 2.804 2.799 -0.005



Loblh 11 1.997 2.018 0.021



Swamp 16 1.138 1.256 0.118



All 33     0.063



LOWER



Loblh   2 1.995 1.666 -0.328



Swamp   6 1.015 1.044 0.029



All   8     -0.061



Average difference in FI for Hiblh (n = 15) 0.010



Average difference in FI for Loblh (n = 20) -0.010



Average difference in FI for Swamp (n = 36) 0.088 **



Average difference in FI for all plots (n = 71) 0.044 *
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Table 15.  Change to drier or wetter species composition of the 2004 canopy predicted by differences in Floodplain Indices between the 1976 
canopy and 1976 small canopy tree-size classes at plots on the BLT and WEW transects in the Apalachicola River floodplain, Florida.



[Plots located at the BLT and WEW transects were sampled in 1976-1977 (Leitman, 1978) and resampled in 2004-2006. The elapsed years between surveys 
was 28.2 years at the WEW transect and 27.5 years at the BLT transect. A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the species 
composition, as determined by dominance, toward a drier forest type. FIs are calculated from relative basal areas. Canopy trees are ≥ 7.5 centimeter (cm) 
diameter at breast height (dbh); small canopy trees are < 25 and ≥ 7.5 cm dbh. FIs for canopy trees calculated from relative basal areas. >, greater than; 
≥, greater than or equal to; <, less than; ≤, less than or equal to]



  Indicates FI is drier than FI of 1976 canopy (difference is positive)
  Indicates FI is wetter than FI of 1976 canopy (difference is negative)



Transect
Forest type 



of plot



Floodplain Index (FI) Difference in FI Was the direction of 
change in FI for the  



2004 canopy predicted  
correctly by the FI of the  



1976 small canopy?



Annual rate of positive  
change in FI (to drier  
species composition)



FI for 1976  
canopy



1976 small  
canopy trees



2004 canopy  
trees



1976 small canopy  
minus 1976  



canopy



2004 canopy  
minus 1976  



canopy



   WEW



Loblh 1.767 1.820 1.933 0.053 0.166 yes 0.006



Loblh 1.914 1.587 2.062 -0.327 0.148 no 0.005



Swamp 1.134 1.208 1.224 0.074 0.090 yes 0.003



   BLT



Hiblh 2.650 2.772 2.830 0.122 0.180 yes 0.007



Loblh 2.228 2.103 2.092 -0.125 -0.136 yes -0.005



Loblh 2.335 2.640 2.435 0.305 0.100 yes 0.004



Loblh 2.128 2.279 2.146 0.151 0.018 yes 0.001



Swamp 1.077 1.042 1.048 -0.035 -0.029 yes -0.001



Average 1.904 1.931 1.971 0.027 0.067 0.002



1976 2005



Photographs by Helen Light



A



B



C



A



B



C



Figure 16.  Low bottomland hardwood forest on the BLT transect in 1976 and 2005 in the upper reach of the Apalachicola 
River floodplain, Florida. Although lens distortion varies between these two photographs taken 29 years apart, they were 
taken from the same location facing in the same direction. Three trees that were present in 1976 and 2005 are marked A, 
B, and C. Surviving tree bases are exposed to the same extent in both photographs, indicating that no significant erosion 
or sedimentation took place between 1976 and 2005.
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drier (2.8 percent, p = 0.026) than the FI value for the large 
canopy tree-size class (table 16), indicating that forest 
composition had become drier when sampled in 1976 than the 
forest composition prior to 1954. The 1976 small canopy tree 
size was 8.8 percent drier than the 1976 canopy (p = 0.080), 
indicating that forests would probably become drier on these 
plots in the future.



The upper reach had the largest sample size (n = 12) 
of any reach or forest type, and the average differences in 
FI values for size classes were significant only for this subset. 
Forests in the upper reach were 4.0 percent drier in composi‑
tion than they were prior to 1954 (p = 0.032) (using the 
large canopy tree-size class to represent the pre‑1954 forest 
composition). The average difference in FIs between the small 
canopy tree-size class and canopy trees in the upper reach 
was 13.6 percent drier (p = 0.032). Forest drying may have 
proceeded more quickly in the upper reach than in down‑
stream reaches, because large declines in water levels in the 
upper reach occurred rapidly in the first 10 years after the dam 
was constructed in 1954 (Light and others, 2006).



 2004 Size Classes



Small canopy trees on 2004 forest plots averaged 10.5 
percent drier, and subcanopy trees were 31.0 percent drier than 
canopy trees (table 17, app. 10). Average differences between 
subcanopy trees and canopy trees were highly significant for 
all plots combined (p < 0.001), and plots combined by reach or 
forest type (p ≤ 0.012). The large canopy tree-size class in 2004 
forests was 1.6 percent wetter than canopy trees, indicating that 
the longest time period, including many years prior to 1954, had 
the wettest hydrologic conditions. The much drier subcanopy 
tree-size class indicates that the driest conditions occurred in the 
shortest and most recent time period. The average change for 
subcanopy trees (31.0 percent drier) is large, indicating a high 
potential for a much drier canopy in the future.



Size Classes on Other North Florida Streams



Differences in FI values for tree-size classes on the 
Suwannee, Ochlockonee, Aucilla, St. Marks, and Telogia 
floodplains suggest that forest composition may be drying on 



Table 16.  Differences in Floodplain Indices for 1976 canopy tree-size classes in forests of the Apalachicola River 
floodplain, Florida. 



[Data in this table is from thesis plots and Apalachicola River Quality Assessment intensive plots. A change of + 0.01 in a Flood‑
plain Index (FI) is a change of 1 percent of the species composition, as determined by dominance, toward a drier forest type. FIs 
are calculated from relative basal areas. Tree size class definitions: canopy ≥ 7.5 centimeter (cm) diameter at breast height (dbh); 
large canopy, ≥ 25 cm dbh; small canopy, < 25 and ≥ 7.5 cm dbh. Significant differences between 1976 canopy and 2004 canopy 
were determined using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 but < 0.10; with ** 
are ≤ 0.05. Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods; n, number of plots; >, greater than; ≥, greater 
than or equal to; <, less than; ≤, less than or equal to]



  Indicates FI for given size class is drier than FI for canopy trees (difference is positive)
  Indicates FI for given size class is wetter than FI for canopy trees (difference is negative)



Reach
Forest  
type



Sample  
size



Average 1976 Floodplain Indices (FI) Difference in FI



Canopy Large canopy Small canopy
Large canopy 
minus canopy



Small canopy 
minus canopy



UPPER



Hiblh 4 2.747 2.706 2.895 -0.040 0.148



Loblh 4 2.194 2.125 2.380 -0.069 0.186



Swamp 4 1.074 1.063 1.148 -0.011 0.074



All 12 2.005 1.965 2.141 -0.040 ** 0.136 **



MIDDLE
Loblh 3 1.968 1.977 1.842 0.009 -0.126



Swamp 2 1.225 1.225 1.233 0.000 0.008



All 5 1.693 1.671 1.749 0.006 -0.072



LOWER
Loblh 2 1.995 1.930 2.264 -0.065 0.269



Swamp 2 1.003 1.000 1.023 -0.003 0.020



All 4 1.479 1.456 1.567 -0.034 0.145



Average difference in FI for Hiblh (n = 4) -0.040 0.148



Average difference in FI for Loblh (n = 9) -0.042 0.101



Average difference in FI for Swamp (n = 8) -0.006 0.044



Average difference in FI for all plots (n = 21) -0.028 ** 0.088 *
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some other north Florida floodplains, but combined results 
from all five rivers were not statistically significant, and 
the amount of drying was generally much less than that on 
the Apalachicola River floodplain (table 18). The average 
difference between the subcanopy and canopy trees was 11.4 
percent drier on the five other floodplains compared with 
26.9 percent drier in Apalachicola River floodplains. Values 
for the Apalachicola River in table 18 differ from those in 
table 17 because the definition for subcanopy trees is different. 
Subcanopy trees on the five other floodplains were defined 
as trees with a dbh < 10.0 cm; therefore, tree data from the 
Apalachicola River floodplain plots were regrouped for this 
analysis into size classes with the same definition.



Of the five other streams, the Ochlockonee River is 
probably the most similar to the Apalachicola River in terms 
of floodplain characteristics and forest composition. Both are 



alluvial streams and the Ochlockonee River is geographically 
closer to the Apalachicola than the other four streams. Unlike 
the Apalachicola River, however, large canopy trees on 
Ocklockonee River plots were drier than the canopy trees, 
and small canopy trees were wetter.



Differences in FI values for size classes on the Suwannee 
River were the most similar to the differences on the 
Apalachicola River. The large canopy was 3.5 percent wetter 
in composition than the canopy, the small canopy trees were 
8.8 percent drier than the canopy, and the subcanopy trees 
were 17.8 percent drier than the entire canopy. This may 
indicate that water-level decline has occurred on the Suwannee 
River. Differences in FI values for the large canopy and small 
canopy size classes on the Suwannee River were statistically 
significant, but the difference for the subcanopy trees was not 
significant. 



Table 17.  Differences in Floodplain Indices between 2004 canopy and subcanopy tree-size classes by reach and forest type in the 
Apalachicola River floodplain, Florida.



[Results are listed for individual plots in appendix 10. A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the species composition 
(as determined by dominance) toward the next drier forest type. FIs for canopy trees are calculated from relative basal areas; for subcanopy trees, from rela‑
tive density. Canopy trees have diameter at breast height (dbh) ≥ 7.5 centimeter (cm); large canopy trees have dbh ≥ 25 cm; small canopy trees, dbh < 25 
and ≥ 7.5 cm; and subcanopy trees, dbh < 7.5 and ≥ 2.5 cm. Significant differences between tree-size classes were determined using Wilcoxon matched-
pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 but < 0.10; with ** are ≤ 0.05.  Hiblh, high bottomland hardwoods; Loblh, low bottomland 
hardwoods; n = sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



  Indicates FI for given size class is drier than FI for canopy trees (difference is positive)
  Indicates FI for given size class is wetter than FI for canopy trees (difference is negative)



Reach
Forest  
type



Number  
of  



plots



Average 2004 Floodplain Indices (FI) Difference in FI



Canopy Large canopy Small canopy Subcanopy
Large  



canopy  
minus canopy



Small  
canopy  



minus canopy



Subcanopy  
minus canopy



UPPER



Hiblh 10 2.853 2.820 3.055 3.018 -0.033* 0.202 ** 0.165



Loblh 7 2.183 2.124 2.475 2.702 -0.060** 0.291 ** 0.519 **



Swamp 14 1.113 1.105 1.207 1.533 -0.008** 0.094 ** 0.421 **



All 31 1.809 1.888 2.09 2.276 -0.028 ** 0.174 ** 0.360 **



MIDDLE



Hiblh 6 2.799 2.785 2.875 2.909 -0.014 0.076 0.109



Loblh 11 2.018 2.000 2.102 2.474 -0.017 0.085 0.393 **



Swamp 17 1.241 1.233 1.376 1.398 -0.009 0.135 * 0.171



All 34 1.767 1.755 1.876 2.059 -0.012 0.108 * 0.233 **



LOWER



Hiblh 3 2.642 2.629 2.647 2.880 -0.013 0.004 0.237



Loblh 16 2.026 2.006 2.064 2.425 -0.020 0.039 0.399 **



Swamp 11 1.096 1.093 1.119 1.368 -0.002 0.023 0.274 **



All 30 1.746 1.734 1.776 2.083 -0.007 0.030 0.337 **



All 95 1.809 1.793 1.914 2.141a



Average difference in FI for Hiblh (n = 19) -0.024 ** 0.131 ** 0.159 **



Average difference in FI for Loblh (n = 34) -0.022 * 0.106 ** 0.423 **



Average difference in FI for Swamp (n = 42) -0.007 ** 0.092 ** 0.289 **



Average difference in FI for all plots (n = 95) -0.016 ** 0.105 ** 0.310 **



aAverage difference for subcanopy is based on an  
average FI of 1.830 for the 2004 canopy of 91 plots.  
Four plots had no subcanopy trees.
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Table 18.  Differences in Floodplain Indices of tree-size classes on floodplain forest plots of six North Florida 
streams.



[Results are based on data from six streams collected from 1987 to 2006. A change of  + 0.01 in a Floodplain Index (FI) is 
a change of 1 percent of the species composition (as determined by dominance) toward a drier forest type. FIs for canopy 
trees calculated from relative basal areas of trees; for subcanopy trees, from relative density. For this analysis, tree size 
classes were defined as follows: canopy, diameter at breast height (dbh) ≥ 10.0 centimeter (cm); large canopy trees, dbh 
≥ 25 cm; small canopy trees, dbh < 25 and ≥ 10.0 cm; and subcanopy trees, dbh < 10.0 and ≥ 2.5 cm. Significant differ‑
ences between tree-size classes were determined using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown 
with * are > 0.05 but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods]



  Indicates FI for given size class is drier than FI for canopy trees (difference is positive)
  Indicates FI for given size class is wetter than FI for canopy trees (difference is negative)



River (year sampled) Difference in FI



Forest type
Number of  



plots
Large canopy minus  



canopy
Small canopy minus  



canopy
Subcanopy minus  



canopy



Apalachicola River (2004-2006)      



Hiblh 19 -0.007 ** 0.120 ** 0.190 **



Loblh 34 -0.016 0.081 0.394 **



Swamp 42 -0.005 * 0.083 * 0.279 **



Average for all plots 95 -0.009 ** 0.089 ** 0.269 **



Suwannee River (1996-1999)      



Hiblh 6 -0.029 0.025 0.064



Loblh 5 -0.047 0.172 0.267



Swamp 5 -0.034 0.108 0.266



Average for all plots 16 -0.035 ** 0.088 ** 0.178



Ochlockonee River (1987-1990)      



Hiblh 3 0.013 -0.133 0.312



Loblh 3 0.047 -0.352 -0.080



Swamp 3 -0.004 0.035 0.012



Average for all plots 9 0.019 -0.150 0.081



Aucilla River (1987-1990)      



Loblh 2 0.001 -0.031 -0.284



St. Marks River (1987-1990)      



Loblh 2 -0.026 0.140 -0.198



Telogia Creek (1987-1990)      



Swamp 2 -0.020 0.079 0.454



Average difference in FI on Suwannee, 
Ochlockonee, Aucilla, and St. Marks  



Rivers and Telogia Creek   
plots combined



-0.016 0.014 0.114



Average difference in FI on Apalachicola 
River plots combined



-0.009 ** 0.089 ** 0.269 **
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Drier Forests Associated with Decline in 
River Levels



Results of forest composition analyses presented thus 
far suggest that many forest changes are attributable to drier 
hydrologic conditions in the floodplain. Temporal changes in 
hydrologic conditions and forest composition are examined in 
this section.



To link changes in hydrology to changes in vegetation, 
the correlations between flood durations in the growing season 
and FIs were analyzed. Flood durations in the growing season 
and FIs of four tree-size classes were significantly correlated 
for Hiblh and Loblh forests, all forest types combined in each 
reach, and all forest types in all reaches combined (table 19). 
Flood durations in the growing season in swamps were not 
significantly correlated to FIs. Correlations for all groups 
were negative; as flood durations increased, FIs decreased. 
Correlations with other hydrologic parameters were also 



tested (not shown on table 19) and FIs of swamps were not 
significantly correlated to flood durations in the whole year, 
depths, or frequencies. Hydrologic conditions estimated from 
river stage, without adjustments for local site characteristics, 
were generally underestimated for depressional swamps in the 
floodplain and overestimated for swamps at BR. The Pearson r 
values, significance, and sample sizes for all forest groups are 
presented in appendix 11. 



Temporal changes in hydrologic conditions are compared 
to temporal changes in forest composition by presenting both 
in terms of change toward the next drier forest type. Flood 
durations during hydrologic periods associated with 1976 
and 2004 tree-size classes were used to calculate the change 
in flood duration toward duration of the next drier forest 
types. Results from FI analyses are summarized to represent 
past or potential change to drier forest species composition 
from pre‑1954 to 2085, and the impacts of changes in forest 
composition are discussed.



Table 19.  Correlations between Floodplain Indices of 1976 and 2004 tree-size classes and flood durations in forests 
of the Apalachicola River floodplain, Florida.



[Flood duration is the average number of days of flooding in the growing season. Correlations in swamp forests are low, primarily 
because flood durations were calculated directly from stage in the adjacent river channel without any adjustments for water 
retention in depressions or other factors affecting the relation between river stage and floodplain water levels. Correlations were 
calculated using Pearson correlation coefficients (r). Details of statistical analyses are given in appendix 11. Canopy includes 
trees ≥ 7.5 cm diameter at breast height (dbh); small canopy trees are < 25 and ≥ 7.5 centimeter (cm) dbh; subcanopy trees 
are < 7.5 and ≥ 2.5 cm dbh. Floodplain Indices (FI) for canopy trees calculated from relative basal areas; for subcanopy trees, 
from relative density. Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods; p, probability; >, greater than; 
≥, greater than or equal to; ≤, less than or equal to]



  Indicates correlation is highly significant (p ≤ 0.05)
  Indicates correlation is less significant (p < 0.1 and > 0.05)
  Indicates correlation is not significant (p ≥ 0.1)



Forest type Reach



Pearson r values for correlations between FIs and flood inundation in the growing season



 1976 canopy  
trees



2004 canopy  
trees



2004 small canopy 
trees



2004 subcanopy  
trees



   Hiblh    All -0.499 -0.637 -0.628 -0.439



   Loblh    All -0.405 -0.563 -0.511 -0.603



   Swamp    All -0.081 -0.108  -0.158 -0.163



   Reaches



   UPPER -0.648 -0.781 -0.731 -0.669



   MIDDLE -0.702 -0.757 -0.763 -0.649



   LOWER -0.785 -0.841 -0.841 -0.776



   Average -0.680 -0.636 -0.603 -0.566
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Shorter Flood Durations



Flood durations in the growing season for the 1976 
canopy (1923-1976) and 2004 subcanopy tree-size class 
(1995-2004) are shown for all forest types in all reaches in 
figure 17. Flood durations during 1995-2004 were shorter than 
flood durations during 1923-1976 for all forest types in all 
reaches; for example, in Loblh in the middle reach, the median 
flood duration of 47 days for the 1976 canopy decreased to 27 
days for 2004 subcanopy trees. 



Change in flood duration toward duration of the next 
drier forest type was calculated for each forest type in each 
reach (table 20). The following example is provided to demon-
strate how these data were calculated (see formula in section 
titled “Flood Duration, Depth, and Frequency by Forest Type 
and Reach”). The change in flood durations for Loblh forest 
in the middle reach from 1923-1976 to 1995-2004 was 65.6 
percent (last column, table 20). This value was calculated from 
data in figure 17 as follows:
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Figure 17.  Comparison of earliest (1923-76) and latest (1995-2004) flood durations by forest type and reach in the 
Apalachicola River floodplain, Florida. In most cases, the latest durations are similar to the earliest durations of the next 
drier forest type, a hydrologic shift that has encouraged a change in forest composition toward a drier mix of species. 
All values were calculated directly from stage in the adjacent river channel without any adjustments for water retention 
in depressions or other factors affecting the relation between river stage and floodplain water levels.
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Step 1



▪  Median flood duration for Loblh in middle reach in the 
    baseline period (1923-1976) = 46.70 days
▪  Median flood duration for Loblh in middle reach in 
    the most recent period (1995-2004) = 27.00 days
▪  Difference (46.70 – 27.00) = 19.70 days



Step 2



▪  Median flood duration for Loblh in middle reach in the  
    baseline period (1923-1976) = 46.70 days
▪  Median flood duration for Hiblh (the next drier forest type)  
    in middle reach = 16.69 days
▪  Difference (46.70 – 16.69) = 30.01 days



Step 3



▪  19.70 days / 30.01 days = 0.656
▪  0.656 * 100 = 65.6 percent change in flood duration  
    toward duration of next drier forest type



Changes in flood durations toward the durations of the 
next drier forest type are substantial in all forest types in all 
reaches with every advancing time period (table 20). Total 
changes in flood durations toward that of the next drier forest 
type were greatest in the upper reach (95.9 percent), interme‑
diate in the middle reach (64.2 percent), and least in the lower 
reach (42.0 percent). The total change in flood durations for all 
floodplain forests was a 70.4 percent shift toward the baseline 
flood durations of the next drier forest types.



Table 20.  Changes to shorter flood durations in forests of the Apalachicola River 
floodplain, Florida.



[Flood duration is the average number of days of flooding in the growing season based on stage in 
the adjacent river channel without any adjustments for water retention in depressions or other factors 
affecting the relation between river stage and floodplain water levels. The time period from 1923 
to 1976 is associated with 1976 canopy trees; 1951 to 2004, 2004 canopy trees; 1976 to 2004, 2004 
small canopy trees; 1995 to 2004, 2004 subcanopy trees. Canopy includes trees ≥ 7.5 centimeter 
(cm) diameter at breast height (dbh); small canopy trees are < 25 and ≥ 7.5 cm dbh; subcanopy trees 
are < 7.5 and ≥ 2.5 cm dbh. Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods; 
>, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



Forest  
type



Reach



Change in flood duration to duration of the next  
drier forest type, in percent, for time periods associated  



with forest sampling groups



From  
1923-1976 to  



1951-2004



From  
1951-2004 to  



1995-2004



Total change from  
1923-1976 to  



1995-2004



    Hiblh



   UPPER 32.3 36.4 68.7



   MIDDLE 5.8 23.8 29.6



   LOWER 10.0 14.8 24.8



   All 24.6 25.4 50.0



    Loblh



   UPPER 40.6 26.7 67.3



   MIDDLE 33.8 31.8 65.6



   LOWER 41.0 37.4 78.4



   All 33.6 21.4 55.0



    Swamp



   UPPER 82.8 68.9 151.7



   MIDDLE 52.2 45.3 97.5



   LOWER 9.3 13.6 22.9



   All 52.7 53.4 106.1



    Reachesa



   UPPER 51.9 44.0 95.9



   MIDDLE 30.6 33.6 64.2



   LOWER 20.1 21.9 42.0



   All 37.0 33.4 70.4



aAverage of forest types.
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Flood durations have decreased more in swamps (106.1 
percent) than in bottomland hardwood forests (50-55 percent). 
A value for swamps that exceeds 100 percent indicates that the 
flood duration of swamps has changed to a duration beyond 
that of Loblh (the next drier type) toward that of Hiblh forests. 
For some swamps that are directly connected to the river, 
such as the swamp at PL transect in figure 11A, a measure of 
hydrologic change, such as shown in table 20, is an accurate 
one. For other swamps, duration changes calculated from river 
stage may or may not be accurate, but field observations at 
the SE swamp (fig. 11B) suggest that decreases in inundation 
have been quite large even in swamps that do not have direct 
connections. Swamp duration changes in table 20 provide a 
rough estimate of relative change in the absence of long-term, 
site-specific measurements in swamps. 



Drier Forest Composition



The total drying estimates for forest types from pre‑1954 
composition to the composition of future forests in table 21 
were based on a combination of the replicate plot and size-class 
analyses presented in three previous tables. Forest changes 
from pre‑1954 to 1976 were calculated from the difference in 
FIs of the 1976 large canopy and 1976 canopy trees (table 16). 
The 1976 large canopy trees are the most representative 
group for pre‑1954 forest composition. Forest changes from 
1976 to 2004 were based on canopy trees in the replicate plot 
analysis in table 14, and the potential for future drying from 
2004 to 2085 was calculated from the difference between 
2004 canopy and subcanopy trees in table 17. The future forest 
canopy composition is estimated for 2085, because in that 



Table 21.  Change in forest composition from pre-1954 to 2085, calculated from Floodplain Indices of 1976 and 2004 
tree-size classes in forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the species composition (as determined by dominance) 
toward a drier forest type. Canopy includes trees ≥ 7.5 centimeter (cm) diameter at breast height (dbh); large canopy trees are is 
≥ 25 cm dbh; small canopy trees are < 25 and ≥ 7.5 cm dbh; subcanopy trees are < 7.5 and ≥ 2.5 cm dbh. FIs for canopy trees 
calculated from relative basal areas; for subcanopy trees, from relative density. Significant differences between tree-size classes 
were determined using Wilcoxon matched-pairs signed-ranks test. Details of statistical analyses are given in appendix 12. All 
values shown have a probability (p) < 0.1; with na, p ≥ 0.1 or the sample size ≤ 5. Hiblh, high bottomland hardwoods; Loblh, low 
bottomland hardwoods; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



Forest  
type



Reach



Change in composition to next drier forest type. in percent, for time periods associated  
with forest sampling groups



Pre-1954 to 1976  
(change from  



1976 large canopy to  
1976 canopy trees)



1976 to 2004 
(change from  



1976 canopy to  
2004 canopy trees)



2004 to 2085a  
(change from  



2004 canopy to  
2004 subcanopy trees)



Total from  
pre-1954 to 2085  



(change from  
1976 large canopy to  



2004 subcanopy trees)



    Hiblh



   UPPER na na na na



   MIDDLE na na na na



   LOWER na na na na



   All na na 15.9 15.9



    Loblh



   UPPER na na 51.9 51.9



   MIDDLE na na 39.3 39.3



   LOWER na na 39.9 39.9



   All na na 42.3 42.3



    Swamp



   UPPER na 7.9 42.1 50.0



   MIDDLE na na na na



   LOWER na na 27.3 27.3



   All na 8.8 28.9 37.7



    Reaches



   UPPER 4.0 5.0 36.0 45.0



   MIDDLE na na 23.3  23.3



   LOWER na na 33.7 33.7



   All 2.8 4.4 31.0 38.2
aIn 2085, the median age of surviving 2004 subcanopy trees will reach the median age (99 years) of the 2004 large  



canopy trees.











Changes in Hydrology and Forest Composition    51



year surviving 2004 subcanopy trees (with a median age of 18 
years) will reach the median age (99 years) of the 2004 large 
canopy trees. Trees with a median age of 99 years in 2085 
will dominate canopy composition by basal area. Assuming 
that recent hydrologic conditions continue, the 2085 canopy 
will probably have a FI similar to the 2004 subcanopy. Only 
changes in FIs that have a statistical significance of p < 0.100 
were included in table 21. Percent of change, significance 
values, and sample sizes for all forest groups are given in 
appendix 12. 



For all forest types and reaches combined, drying 
was significant in every time period (table 21). All forests 
combined were 2.8 percent drier when sampled in 1976 than 
they were before 1954. Replicate plots averaged 4.4 percent 
drier in 2004 than in 1976, resulting in a total difference of 
7.2 percent drier from pre‑1954 to 2004. The 2004 subcanopy 
trees in all forests were 31 percent drier than 2004 canopy 
trees. If the future forest composition becomes similar to that 
of the 2004 subcanopy, the total change in composition of all 
forests from pre‑1954 to 2085 is estimated to be 38.2 percent 
drier.



In every time period, FI differences for upper-reach 
forests were larger than those for all forests, with a total 
change from pre‑1954 to 2085 to 45 percent drier. None of 
the other subgroups had significant changes in all three time 
periods, probably because sample sizes in the two earliest 
periods were small.



Although FI differences in composition for most 
subgroups are significant only in the last time period 
(2004-2085), many of these changes will probably occur 
well before 2085. FI changes in the 2004 small canopy in 
table 17 (not shown in table 21) indicate that there is a highly 
significant difference (10.5 percent drier) between 2004 
small canopy and 2004 canopy for all forests combined, with 
significant drying in many subgroups. On average, about one-
third of the 31 percent total drying expected in the 2004-2085 
time period (table 21) will probably occur by 2050, the year 
when the 2004 small canopy trees will reach the age of 99, 
the median age of large canopy trees.



The overall change to drier hydrologic conditions in 
table 20 (70.4 percent) is much greater than the overall 
change to drier forest composition in table 21 (38.2 percent). 
This may have been caused, in part, by differences in calcula‑
tion methods. The total change in forest composition was 
calculated using the composition of the 2004 subcanopy trees 
which had an estimated median age of 18 years. But the time 
period for hydrologic analysis for 2004 subcanopy trees was 
limited to only 10 years (1995-2004), because the earliest 
hydrologic records were limited and all time periods associ‑
ated with tree-size classes needed to be comparable. Most of 
the subcanopy trees became established before 1995; there‑
fore, a younger generation of trees exists within the present 
subcanopy, which is probably drier in composition than the 
reported results.



Drying is expected to exceed 38 percent in the decades 
beyond 2085. The shift to drier hydrologic conditions has 
preceded the shift to drier forest composition. This result is 
expected, considering that forest change occurs gradually and 
that the composition of canopy trees may not fully reflect 
the new hydrologic conditions for many decades. Older, 
established trees with large root systems are able to survive 
some change in hydrologic conditions but will eventually be 
replaced by trees of drier species in the altered hydrologic 
regime. Overall forest composition could become 70 percent 
drier by the end of the century, especially if river levels 
continue to remain as low as they were in the 1995-2004 
period.



Ecological Effects of Altered Floodplain Forests



Trees are a dominant element in the ecological processes 
of forests. Changes in tree species composition will alter many 
complex relations that exist between trees and other forest 
organisms from large vertebrates to soil microorgan‑
isms. The degree to which these changes are occurring in 
Apalachicola River forests can be debated, because most of 
these relations are poorly understood in floodplain habitats; 
however, it can be assumed that the basic principles of food 
chain dynamics are operating in this relatively mature forest 
environment. Changes in the timing or quality of mast and 
fruit production, for example, will have an impact on the 
organisms that feed on them, such as mammals, birds, and 
insects. Changes in the timing of leaf-out, fruiting, and leaf-
drop of canopy trees will affect insect populations that are 
dependent upon canopy leaves, with consequences for bird 
populations that feed on canopy insects. Changes in the leaf 
litter and soil chemistry around the bases of trees will have 
consequences for insects and microorganisms in the topsoil 
and the macroinvertebrates that feed upon them directly or 
indirectly. 



These and other ecological effects are occurring to 
varying degrees in the Apalachicola River floodplain, because 
the present forest composition is significantly drier than it 
was in the past. In Hiblh forests, there has been an increase 
in species like water oak and American holly that can tolerate 
some inundation but are also well adapted to upland habitats. 
In Loblh forests, density changes illustrated in figure 14 
indicate that competition between Hiblh and Loblh species is 
increasing and that some Loblh forests will eventually become 
Hiblh forests. In swamps, the density of Loblh and Hiblh 
species has increased significantly (fig. 14), but water tupelo, 
Ogeechee tupelo, bald cypress, popash, and other swamp 
species have declined to such an extent that the overall density 
of canopy trees in swamps is significantly lower than it was in 
1976 (fig. 13).
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The significant decrease in canopy tree density in 
swamps may be the result of greater hydrologic variability 
in recent years. Hydrologic conditions have become 
substantially drier during periods of low and medium flows, 
which occur about 80 percent of the time. River levels 
have remained relatively unchanged, however, during large 
floods 2,830 m3/s (100,000 ft3/s) and greater that still occur 
about three times per decade. The overall effect is that the 
range in hydrologic conditions is greater, which intensifies 
the natural alternating cycles of tree colonization during 
droughts, followed by decimation of tree seedlings and 
saplings during floods. Drier species cannot fully replace 
the declining swamp species, and former swamps may be 
too dry for as many swamp trees to survive as in the past, 
with the result that fewer trees will grow to maturity in 
the lower elevations of the floodplain. A lower density of 
these canopy trees in swamps will result in increased light 
reaching the swamp floor, thereby encouraging a thicker 
growth of herbaceous plants, as already seen at many loca‑
tions in 2004. When ground-cover plants compete with tree 
seedlings for light and available soil moisture, successful 
forest replacement in swamps is further reduced. Similar 
impacts may be occurring to a lesser degree in Loblh 
forests, because declines were reported for both basal area 
and density in Loblh forests (fig. 13), although neither was 
statistically significant. 



The large loss in density in swamps could likely 
lead to future declines in biomass. Large trees are not 
gaining basal area in swamps (fig. 13), and their eventual 
replacements will come from the present small canopy 
and subcanopy, both of which are significantly less dense 
than the 1976 canopy. The ecological effects of declines 
in density or biomass are different than those described 
earlier for changes in species composition. A large decline 
in biomass would ultimately affect all organisms that have 
evolved with life cycles dependent on the normal structure 
of a swamp forest―closely spaced trees with a closed 
canopy and an inundated forest floor under heavy shade. 
A decrease in canopy cover would increase the amount of 
sunlight reaching swamp ground surfaces, causing soils 
to become dehydrated more frequently and leaf litter and 
other debris to decompose more quickly in the aerobic 
environment, thereby reducing the amount of organic mate‑
rial added to floodplain soils or transported downstream 
by floods. The temperature of inundated soils in swamps 
would be elevated by the loss of water and exposure to 
sunlight, further altering the microclimates for soil organ‑
isms on the swamp floor. In addition, the volume of forest 
litter is a function of tree biomass, which has historically 
been higher in swamps than in bottomland hardwood 
forests. The loss of litter from lower densities of swamps 
trees would result in a net loss of substrate for benthic 
organisms in the inundated areas of the floodplain and, 
ultimately, in the downstream receiving waters of the river 
and estuary.



Summary



The effect of water-level declines on floodplain forests 
is an important issue to be considered in resolving conflicts 
about water availability in the Apalachicola-Chattahoochee-
Flint basin. This study was conducted by the U.S. Geological 
Survey (USGS) with the cooperation of the Florida 
Department of Environmental Protection (FDEP) and the 
Northwest Florida Water Management District (NWFWMD) 
to assess changes that have occurred in forests in the nontidal 
floodplain of the Apalachicola River. 



Forest composition and field observations from two 
studies conducted in 1976-1979 (1976 data) and two addi‑
tional studies (1978-1984) were used as baseline data for 
comparison with data from plots sampled in 2004-2006 (2004 
data). Out of the 95 plots sampled in 2004, 71 were replicate 
plots that were located at the same, or as close as possible to, 
the location of 71 of the 181 plots sampled in 1976.



Rules for determining forest types were developed using 
a factor developed in this study named the Floodplain Species 
Category (FSC). FSCs were based on the habitat where tree 
species typically grew on the Apalachicola River floodplain in 
1976. FSC1 species were dominant in swamps; FSC2 species 
were dominant in low bottomland hardwood (Loblh) forests; 
FSC3 species were dominant in high bottomland hardwood 
(Hiblh) forests; and FSC4 species were atypical of bottomland 
hardwoods and grow in upland forests. Forest types deter‑
mined for 1976 forests were used to assign forest types to 
2004 plots.



 A Floodplain Index (FI), calculated from the relative 
dominance of tree species, was developed to quantify species 
composition of forest plots on a scale of relative dryness. 
FI values have a range from 1.000 (pure swamp) to 4.000 
(upland forests). A difference of + 0.500 in the FI was a 
change of 50 percent of the species composition toward the 
next drier forest type. FIs were used to compare the composi‑
tion of canopy trees on replicate plots and to compare tree-size 
classes within plots.



Water levels have declined in the Apalachicola River 
since 1954 as a result of both erosion of the river channel 
locally, and decreased spring and summer flows from the 
upstream watershed. Water-level declines have been most 
severe during drought conditions in April, May, July, and 
August. Water levels have not declined appreciably during 
large floods, which continue to occur as frequently as they did 
prior to 1954.



The inundation history at all plots was estimated based on 
river stages at transects where plots were sampled. Although 
several hydrologic parameters were computed, only one param‑
eter, flood duration in the growing season, was used to analyze 
hydrologic change in the forest, because all parameters were 
calculated from the same river-stage data and were highly corre‑
lated to each other. Flood durations calculated from river stage 
are reasonably accurate for actual conditions in bottomland 
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hardwood forests, but are not reliable for conditions in many 
swamps due to individual site characteristics. Observations at 
the Sweetwater transect in 1976 and 2004 indicated a general 
lowering of ponded water in swamps located there. Flood 
durations were calculated for all plots using five time periods 
associated with 1976 and 2004 tree-size classes. 



Species dominance in forest types based on basal area has 
changed less from 1976 to 2004 than dominance based on tree 
density. Several FSC3 species that were not dominant in 1976 
Loblh forests were dominant species by density in 2004. Water 
oak was a new dominant species by basal area and density in 
2004 Hiblh forests. 



There were 4.3 million (17 percent) fewer canopy trees in 
2004 than in the 1976 nontidal floodplain forest. The greater 
part of this loss was in swamp species (water tupelo, popash, 
Ogeechee tupelo, and bald cypress) which lost an estimated 
3.3 million trees. Large decreases in numbers of trees were 
estimated to be at least 19 percent for water tupelo, 38 percent 
for popash, and 44 percent for Ogeechee tupelo (the species 
valuable to the tupelo honey industry). 



American holly was the most frequently encountered 
species on 2004 forest plots that was not observed in 1976 
data. American holly is a bottomland hardwood tree that is 
generally found growing in the higher elevations of Hiblh 
forests on north Florida floodplains. Silverbell, a tree that 
grows in upland forests, and American snowbell, a small 
wetland tree that was formerly found only in the tidal 
floodplain of the Apalachicola River, were also new species 
in 2004 floodplain forests. 



The density of trees in swamps significantly decreased 
by 37 percent from 1976 to 2004. The loss of canopy cover in 
swamps may be responsible for an increase in ground cover. 
Some swamps that were known to be nearly bare of ground 
cover in 1976 were densely covered with grasses and sedges 
in 2004. When species in each forest type were grouped by 
FSCs, the changes in density from the 1976 canopy to the 2004 
canopy and subcanopy were significantly toward drier forest 
compositions in Loblh forests and swamps.



Growth, tree size, age, mortality, and recruitment for 
species and forest types were calculated from replicate plot 
data from thesis plots. The average growth rate of all species 
was 0.38 cm/yr. Mortality and recruitment rates between 1976 
and 2004 were approximately equal (1.3 percent per year). 
Four species dominant in Hiblh forests had higher recruitment 
rates in Loblh than in Hiblh forests.



Using FIs to represent composition, replicate plots were 
4.4 percent drier in 2004. Swamps were the most affected 
forest type and were 8.8 percent drier in 2004 than in 1976. 



At 21 plots sampled in 1976, the average FI value for 
canopy trees was significantly drier (2.8 percent) than the 
FI value for large canopy trees, indicating that forest composi‑
tion had become drier when sampled in 1976 than the forest 
composition was prior to 1954. On 2004 forest plots, small 
canopy trees averaged 10.5 percent drier and subcanopy trees 
averaged 31.0 percent drier than the canopy trees. Average 



differences between subcanopy trees and canopy trees were 
highly significant for all 2004 plots combined by reach or 
forest type.



Differences in FI values for tree-size classes on the 
Suwannee, Ochlockonee, Aucilla, and St. Marks, and Telogia 
floodplains suggest that forest composition also may be drying 
on other north Florida floodplains, but combined results from 
all five rivers were not statistically significant, and the amount 
of drying was less than that documented on the Apalachicola 
River floodplain. Differences in size classes on the Suwannee 
River plots were most similar to those on the Apalachicola 
River plots, which may indicate lower water levels in the 
Suwannee River.



Changes in flood durations toward the durations of the 
next drier forest type are substantial in all forest types in all 
reaches with every advancing time period. Total changes in 
flood durations were greatest in the upper reach and smallest 
in the lower reach. At sampled plots in all forest types and 
reaches combined, flood durations changed an average of 70.4 
percent toward the flood duration of the next drier forest type. 



Forest composition changes from pre‑1954 to 1976 
were calculated from the difference in FIs between the 1976 
canopy and 1976 large canopy trees, which represented the 
pre‑1954 canopy composition. The change from 1976 to 2004 
was based on the difference between FIs of canopy trees at 
replicated plots, and the potential composition of future forests 
in 2085 – the year in which the median age of surviving 2004 
subcanopy trees will reach the median age (99 years) of the 
2004 large canopy trees – was estimated from the composition 
of 2004 subcanopy trees. 



Floodplain forests are expected to average 38.2 drier in 
species composition by 2085 compared with the pre‑1954 
period. FI differences (45.0 percent) were larger for upper-
reach forests than those for any other reach or all forests 
combined. The shift to drier hydrologic conditions has 
preceded the shift to drier forest compositions, and forest 
composition is expected to be more than 38 percent drier in 
the decades beyond 2085. 



Drier Hiblh forests will support species like water oak 
and American holly that are able to survive flooding but are 
well adapted to upland habitats. The competition between 
Hiblh and Loblh species will increase in drier Loblh forests 
and some will become Hiblh forests. The altered species 
composition in drier floodplain forests will alter the timing 
of leaf-out, fruiting, and leaf-drop, and this change will 
have consequences for mammals, birds, and invertebrates 
in floodplains. In swamps there will be some increase in the 
proportion of Loblh and Hiblh species, but the overall density 
of trees will be much less than it was in 1976. 



The large decrease in canopy tree density in swamps may 
be the result of greater hydrologic variability in recent years. 
Conditions have become substantially drier during periods 
of low and medium flows, which occur about 80 percent of 
the time, but river levels are relatively unchanged during 
large floods. Swamp tree species have declined, but drier 
species cannot dependably survive large floods. The decrease 
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in tree density will result in an increase in light on the forest 
floor, thereby encouraging a thicker growth of ground-cover 
plants which, in turn, will further reduce the success of forest 
replacement.



Lower tree density in swamps could lead to future 
declines in tree and leaf litter biomass. Declines in biomass 
would ultimately affect all organisms that have evolved with 
life cycles that are dependent on the normal structure of the 
swamp forests. A decrease in canopy cover would expose 
the swamp floor to light, thereby increasing evaporation 
from the soil, and speeding up the decomposition of leaf 
litter. The temperature of swamp soils would be higher, 
altering microclimates for soil organisms. The decrease in 
leaf litter would result in a net loss of substrate for benthic 
organisms in the floodplain, and ultimately, in the downstream 
waters of the river and estuary.
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Glossary 



Basal area is the average sum of the cross-sectional areas of 
tree trunks for plots or species in a forest type. Cross-sectional 
area is calculated from diameter at breast height (dbh), in 
centimeters, using the formula, area = πr2, where π = 3.1416 
and r = dbh/2. (See relative basal area.) 



Bottomland hardwoods are forests on levees, flats, and 
slopes of floodplains that are flooded continuously for several 
weeks or longer every 1-2 years and contain species adapted 
to periodic inundation and saturation. 



Low bottomland hardwood (Loblh) forests grow on low 
flats and in transition areas between swamps and high flats or 
levees where continuous flooding averages 2 to 4 months per 
year. Loblh is a forest type, defined in this report as having 
dominance (as determined by relative basal area) of FSC1 and 
FSC2 species > dominance of FSC3 and FSC4 species and 
dominance of FSC1 species < 50%.



High bottomland hardwood (Hiblh) forests grow on the 
higher elevations of the floodplain (levees and ridges) that are 
usually inundated for 2 to 6 weeks each year. Hiblh is a forest 
type, defined in this report as having dominance (as deter‑
mined by relative basal area) of FSC3 and FSC4 species 
> dominance of FSC1 and FSC2 species and dominance of 
FSC4 species < 50%.



Cruise transects are floodplain sites where forest composition 
data was gathered by Leitman and others (1984) using cruise-
sampling methods that were originally developed to enable 
timber cruisers to rapidly assess the overall condition of large 
forest stands by sampling at many points (Kulow, 1965; Avery, 
1967). (See intensive plots.) 



Density is the number of individual trees per unit of sampling 
area and in this report is expressed in trees per hectare. (See 
relative density.)



Diameter at breast height (dbh) is the diameter of a tree 
trunk measured at about 1.4 meter above ground level. 
The dbh of trees with swollen bases were measured for 
diameter above the swelling.



Floodplain is the land covered by water from the river during 
a typical annual flood.





http://pubs.usgs.gov/sir/2006/5173/


http://pubs.usgs.gov/sir/2006/5173/
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Floodplain Index (FI) is the sum of the products of the 
relative basal area of species (or relative density) and their 
Floodplain Species Categories. FIs were developed in this 
study to classify forest data on a scale of relative dryness from 
pure swamp (1.000) to pure upland (4.000).



Floodplain Species Categories (FSC) are categories devel‑
oped in this study and assigned to tree species to indicate the 
typical habitat where the species grew on the Apalachicola 
River floodplain during 1976-1979. FSC1 species were more 
dominant in swamps; FSC2 species, in low bottomland 
hardwoods; FSC3 species, in high bottomland hardwoods; 
and FSC4 species were atypical in bottomland hardwoods and 
occur in upland habitats outside the floodplain. 



Gage refers to a long-term streamflow gaging station where a 
time-series of stage measurements (elevation of river surface) 
have been recorded, and measurements of instantaneous 
streamflow discharge may have been made. 



Geographic Information system (GIS) is a collection of 
computer software and data files designed to store, analyze, 
and display geographically referenced information.



1976 forest data refers to data collected from 1976 to 1979 in 
two studies conducted on the Apalachicola River floodplain.



2004 forest data refers to data collected during the current 
study from 2004 to 2006 in the Apalachicola River floodplain. 



Intensive plots are floodplain sites where forests were 
sampled using standard plot-sampling methods to quantify 
forest composition in more detail than is possible using cruise-
sampling methods. (See cruise transects.) 



Reach refers to a length-subdivision of the Apalachicola River 
(figure 2). 



Relative basal area (rba) is the percentage of dominance of 
a species in a forest type or sampling area based on basal area. 
It is calculated by dividing the total basal area of that species 
by the total basal area of all species in that forest type or 
sampling plot. (See basal area.)



Relative density (rd) is the percentage dominance of a 
species in a forest type or sampling area based on density. It is 
calculated by dividing the total density of that species by the 
total density of all species in that forest type or sampling plot. 
(See density.)



Replicate plot is a plot sampled in 1976 that was resampled in 
2004 by locating the 2004 plot on the exact site, as nearly as 
possible, as the 1976 site location. 



River mile (rm) refers to a reference frame based on distances 
along the river channel. In this report, river mile values are 
those depicted on the most recent USGS quadrangle maps that 
were available in 2005. River mile distances are similar to, 
but not exactly the same as, the most recent navigation mile 
system used by USACE. Slight differences in distance refer‑
ence frames are to be expected, because the river moves and 
changes length through time in response to various processes, 
both natural and anthropogenic.



 Swamps are forests in the lowest elevations of the flood‑
plain that are either inundated or saturated most of the time. 
Swamps contain tree species that have special adaptations for 
survival in anoxic soils. Swamp is also a forest type, defined 
in this report as having dominance (as determined by relative 
basal area) of FSC1 species ≥ 50 percent.



Tree-size classes are trees grouped by diameter at breast 
height (dbh). Trees in this study have been grouped by their 
dbh into two principal groups: 



Canopy trees are all trees with dbh ≥ 7.5 cm.
The upper reach begins just below Jim Woodruff 
Dam at rm 106.4 and extends about 47 km down‑
stream to a streamflow gaging station located near 
Blountstown at rm 77.5. 



The middle reach is the longest reach, about 58 km 
long, ending at a gage near Wewahitchka at rm 41.8. 



The nontidal lower reach is the shortest reach, 
about 34 km long, and ends at a gage near Sumatra 
at rm 20.6. The tidal reach of the river is not 
discussed in this report.



Subcanopy trees are trees with dbh < 7.5 and  
≥ 2.5 cm.



The canopy size class is further subdivided into two  
size classes:



Large canopy trees are trees with dbh ≥ 25 cm.



Small canopy trees are trees with dbh < 25 and 
≥ 7.5 cm.



Water-level decline (or river level decline) is a term refer‑
ring to changing conditions when periods of low water 
levels become more frequent and longer in duration. Such 
declines may result from some type of channel change, which 
usually occurs over a period of years. Another type of water-
level decline refers to a long-term decrease in the amount of 
water delivered from the upstream watershed. 
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Appendix 1. List of common and scientific names and Floodplain Species Categories for 
selected tree species in forests of the nontidal Apalachicola River floodplain, Florida.
[All tree species sampled in the 1976 and 2004 data sets are listed. At least ten additional species not 
included in this list occur on the Apalachicola River floodplain. Plant nomenclature follows Godfrey 
(1988) unless otherwise indicated. Floodplain Species Categories are based on the typical forest 
association for the species in 1976 data. Atypical blh-upl, uncommon in bottomland hardwoods of 
the 1976 floodplain and occurring in upland habitats outside the floodplain; Hiblh, high bottomland 
hardwoods; Loblh, low bottomland hardwoods]



Common name Scientific name
Floodplain species category



Numeric value Category explanation



American elm Ulmus americana 2 Loblh
American holly Ilex opaca 3 Hiblh
American snowbell Styrax americanum 2 Loblh
bald cypress Taxodium distichum 1 swamp
bitternut hickory Carya cordiformis 3 Hiblh
black tupelo Nyssa sylvatica 4 Atypical blh-upl
black walnut Juglans nigra 4 Atypical blh-upl
black willow Salix nigra 1 swamp
box elder Acer negundo 3 Hiblh
buckthorn bumelia Bumelia lycioides 3 Hiblh
buttonbush Cephalanthus occidentalis 1 swamp
cherry laurel Prunus caroliniana 4 Atypical blh-upl
cherrybark oak Quercus pagoda 3 Hiblh
chinaberry Melia azedarach 4 Atypical blh-upl
Chinese tallow tree Sapium sebiferum 3 Hiblh
elderberry Sambucus canadensis 3 Hiblh
green ash Fraxinus pennsylvanica 2 Loblh
green haw Crataegus viridis 2 Loblh
hackberry Celtis laevigata 3 Hiblh
hazel alder Alnus serrulata 2 Loblh
ironwood Carpinus caroliniana 3 Hiblh
laurel oak Quercus hemispherica 4 Atypical blh-upl
loblolly pine Pinus taeda 4 Atypical blh-upl
mockernut hickory Carya tomentosa 4 Atypical blh-upl
Ogeeche tupelo Nyssa ogeche 1 swamp
overcup oak Quercus lyrata 2 Loblh
persimmon Diospyros virginiana 3 Hiblh
pignut hickory Carya glabra 4 Atypical blh-upl
planer tree Planera aquatica 1 swamp
popash Fraxinus caroliniana 1 swamp
possum haw Ilex decidua 3 Hiblh
red maple Acer rubrum 2 Loblh blh
red mulberry Morus rubra 3 Hiblh
river birch Betula nigra 2 Loblh
sarvis holly Ilex amelanchier 1 swamp
silverbell Halesia diptera 4 Atypical blh-upl
slippery elm Ulmus rubra 4 Atypical blh-upl
southern magnolia Magnolia grandiflora 4 Atypical blh-upl
spruce pine Pinus glabra 3 Hiblh
stiffcornel dogwood Cornus foemina 2 Loblh
swamp chestnut oak Quercus michauxii 3 Hiblh
swamp cottonwood Populus heterophylla 1 swamp
swamp laurel oak Quercus laurifolia 2 Loblh
swamp privet Forestiera acuminata 2 Loblh
swamp laurel oak Quercus laurifolia 2 Loblh
swamp privet Forestiera acuminata 2 Loblh
swamp tupelo Nyssa biflora a 1 swamp
sweetbay Magnolia virginiana 3 Hiblh
sweetgum Liquidambar styraciflua 3 Hiblh
sycamore Platanus occidentalis 3 Hiblh
water hickory Carya aquatica 2 Loblh
water locust Gleditsia aquatica 2 Loblh
water oak Quercus nigra 3 Hiblh
water tupelo Nyssa aquatica 1 swamp
white titi Cyrilla racemiflora 3 Hiblh
winged elm Ulmus alata 4 Atypical blh-upl
winterberry Ilex verticillata 2 Loblh



a Clewell (1985).
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Appendix 2. Weighting factors for forest composition on the Apalachicola River floodplain, Florida.



[Areas were derived from a digitized and edited GIS version of a floodplain map created by Leitman (1984), in which Hiblh and 
Loblh forest types were not separately delineated. The areas of Hiblh and Loblh in the upper and lower reaches were calculated using 
ratios based on the redetermined 1976 forest types of plots on cruise transects (Leitman and others, 1984). In the lower reach, the ratio 
was based on 1976 forest types assigned to plots on the Eichholz transects in the current study. ha, hectares; Hiblh, high bottomland 
hardwoods; Loblh; low bottomland hardwoods]



Reach
Area of Forest Type, in ha Weighting Factors for Forest Types in each  



Reach, in percent a



Hiblh Loblh Swamp Total Hiblh Loblh Swamp



       Upper 3,710 1,370 1,612 6,691 42.3 9.2 17.0



       Middle 4,040 8,080 1,880 14,001 46.1 54.3 19.8



       Lower 1,020 5,430 6,010 12,455 11.6 36.5 63.2



                  Total 8,770 14,880 9,502 33,147      



a The weighting factors used for 1976 Hiblh data were 42.3 percent for the upper reach and 57.7 percent for the middle reach, 
because there was no data on Hiblh forests in the lower reach, and lower reach Hiblh forests were more similar in species composi-
tion to Hiblh in the middle reach than to those in the upper reach.
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Sticky Note


upper reach swamps are perched and get drainage from seepage from steep bluffs see fig 11
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Appendix 3.  Extrapolated ages of canopy trees in 2004 at the thesis transects in the Apalachicola 
River floodplain, Florida.



[Ages of individual trees were extrapolated from the average growth rates for the species and the diameter at breast 
height. Species are listed in order by increasing average age. Ages were limited to a maximum of 360 years, the 
calculated age of the largest tree on the thesis transects. Growth rate descriptions are from table 4. Scientific names 
of species are listed in appendix 1]



Species Sample  
size



General description  
of growth rate



Maximum  
age, in years



Minimum  
age, in years



Average  
age, in years



swamp laurel oak 61 fast 138 18 53



sycamore 7 fast 112 18 63



Ogeechee tupelo 42 average 182 26 65



overcup oak 54 above average 205 23 66



water locust 12 average 130 32 68



winged elm 9 below average 101 47 69



water hickory 58 above average 167 21 71



water tupelo 25 fast 137 30 75



red maple 25 below average 153 35 76



green ash 42 fast 162 23 77



ironwood 48 below average 170 42 77



sweetgum 79 above average 191 23 81



American elm 21 average 166 31 86



hackberry 62 below average 202 33 91



popash 16 slow    151 47 95



planer tree 44 slow 173 57 95



bald cypress 26 above average 360 26 108



river birch 2 above average 150 80 115



box elder 8 slow 234 61 135



green haw 21 slow 265 124 170



possum haw 35 slow 360 205 270



persimmon 4 slow 360 263 331



Total 701        



Maximum age -------------------------------------------------------- 360    



Minimum age ------------------------------------------------------------------------------- 18  



Average age ------------------------------------------------------------------------------------------------------ 92
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Appendix 4.   Number of days of missing record, years during which missing records occurred, and methods of estimating missing 
records from October 1, 1922, to December 31, 2004, at five streamflow gaging stations in the Apalachicola River, Florida.



[All stage-discharge relations referred to in this appendix, except those at the Chattahoochee gage, are nonstandard relations in which stage 
at a downstream gage was related to discharge at the upstream-most gage at Chattahoochee. The stage-discharge relations and associated 
error statistics for these relations are reported in appendixes I-V and table 5 in Light and others (2006).  Most of these relations required some 
modification at the low end [below 283 m3/s (10,000 ft3/s)] to extend the relations down to flows lower than 142 m3/s (5,000 ft3/s), which was 
necessary for the estimation methods described in this appendix. rm, river mile]



Short names for streamflow gaging stations:



Chattahoochee gage – Apalachicola River at Chattahoochee (02358000) at rm 105.7•	



Blountstown gage – Apalachicola River near Blountstown (02358700) at rm 77.5•	



Wewahitchka gage – Apalachicola River near Wewahitchka (02358754) at rm 41.8•	



RM 36 gage – Apalachicola River at River Mile 36 (023587547) at rm 36.0 •	
Note: Stage records were not reconstructed for the RM 36 gage, although data from that gage were used when 
available to reconstruct stage data at nearby gages.



RM 35 gage – Apalachicola River at River Mile 35 (023587549) at rm 35.3•	



Sumatra gage – Apalachicola River near Sumatra (02359170) at rm 20.6•	



Definition of terms:



Pre-dam relation – pre-dam (pre-1954) stage-discharge relation for the indicated gage modified from •	
appendixes I-V in Light and others (2006).



Recent relation – recent (1995-2004) stage-discharge relation for the indicated gage modified from appendixes •	
I-V in Light and others (2006).



Intervening period – the period during which channel conditions were intermediate between pre-dam and •	
recent conditions (varies with each gage). 



Blount-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the Blountstown gage.•	



Wewa-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the Wewahitchka gage.•	



RM 36-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the RM 36 gage.•	



RM 35-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the RM 35 gage.•	



Suma-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the Sumatra gage.•	



Discharge at Chattahoochee gage 



2,192 total days of missing record, all in 1923-28  
Stage at the Chattahoochee gage was converted to discharge using the pre-dam stage-discharge relation at 
Chattahoochee.   



Stage at Chattahoochee gage 



159 total days of missing record: 75 days in 1923-25, and 84 days in 1994-2004 
Fortunately, stage data was available at the Blountstown gage for all days of missing stage record at the 
Chattahoochee gage. For missing record in the 1923-25 period, Blountstown stage (1 day later) was converted 
to Blount-ChattQ using the pre-dam relation at Blountstown. For missing record during the 1994-2004 period,  
Blountstown stage (1 day later) was converted to Blount-ChattQ using the recent relation at Blountstown. The 
resulting Blount-ChattQ values were then converted to Chattahoochee daily mean stage using either the pre-dam 
or recent relation at the Chattahoochee gage, as appropriate.











Appendixes    63



Stage at Blountstown gage 



716 total days of missing record: 75 days in 1925-28, 46 days in 1956, 38 days in 1963-65, and 557 days in 1981-95 
Pre-dam period: Chattahoochee discharge (1 day earlier) was converted to Blountstown stage using the pre-



dam relation at Blountstown. 
Intervening period (1954-72): For missing record in 1956, linear interpolation (based on river miles) was 



used between Chattahoochee discharge (1-day earlier) and Wewa-ChattQ (1 day later). The resulting 
discharge was converted to two Blountstown stage values using the pre-dam and recent relations, and the 
final Blountstown stage was estimated between those two stages based on the date elapsed since May 1, 
1954 (the end of the pre-dam period) and proportions developed from the general timing of stage declines 
at 283 m3/s (10,000 ft3/s) as depicted in figure 5 in Light and others (2006). A similar method was used 
for estimating stage values for missing record in 1963-65, except that calculations were based only on 
Chattahoochee discharge (1 day earlier) because Wewahitchka data was not available.



Recent period: Figure 5 in Light and others (2006) indicates that conditions at the Blountstown gage were 
similar to recent conditions as far back as 1972. Thus the recent relation was used to estimate stages at 
the Blountstown gage throughout the 1972-2004 period. Missing stage records in 1981-95 were estimated 
using Chattahoochee discharge (1 day earlier) converted to Blountstown stage using the recent relation at 
Blountstown. (Wewahitchka data was not available for any of those days.)



Stage at Wewahitchka gage 



19,080 total days of missing record: 12,053 days (all days) prior to October 18, 1955; 49 days in 1956-57; 5,759 
days in 1957-94; and 1,219 days in 1995-2004



Pre-dam period: Conditions were considered similar to pre-dam for all dates up through 1957 at the 
Wewahitchka gage (Light and others, 2004). For estimated record during 1922-57, Blount-ChattQ (1 day 
earlier) was converted to Wewahitchka stage using the pre-dam relation at Wewahitchka, except on dates 
when stage data was available at the Sumatra gage. When Sumatra data was available, linear interpolation 
(based on river miles) between Blount-ChattQ (1 day earlier) and Suma-ChattQ (1 day later) was used to 
estimate Wewa-ChattQ, which was then converted to Wewahitchka stage using the pre-dam relation at the 
Wewahitchka gage.



Intervening period (1958-94): When Sumatra data was available, linear interpolation between Blount-
ChattQ (1 day earlier) and Suma-ChattQ (1 day later) was used to estimate Wewa-ChattQ, which was then 
converted into two Wewahitchka stage values using the pre-dam and recent relations at the Wewahitchka 
gage. The final Wewahitchka stage was estimated between those two stages based on the date elapsed since 
October 1, 1957 (the end of the pre-dam period for Wewahitchka) and proportions developed from the 
general timing of stage changes at 283 m3/s (10,000 ft3/s) as depicted in figure 5 in Light and others (2006). 
In some cases, calculations were based only on Blount-ChattQ (1 day earlier) because Sumatra data was not 
available. In 1992-94, calculations were based directly on RM 36-ChattQ (same day) when it was available, 
because it is much closer to the Wewahitchka gage than either Blountstown or Sumatra. 



Recent period: Missing records in 1995-2004 were estimated using RM 35-ChattQ or RM 36-ChattQ (same 
day), which was converted to Wewahitchka stage using the recent stage-discharge relation. When RM 35 or 
36 data was not available, calculations used either linear interpolation between Blount-ChattQ and Suma-
ChattQ, or if Sumatra was not available, Blount-ChattQ alone.



Stage at RM 35 gage 



26,346 total days of missing record: 25,202 days (all days) prior to October 1, 1991; and 1,144 days in 1992-2004



Pre-dam period: All dates up through 1957 were considered pre-dam at the RM 35 gage (same as at 
Wewahitchka). For missing record during 1922-57, Blount-ChattQ (1 day earlier) was converted to RM 
35 stage using the pre-dam relation at RM 35, except on dates when stage data was available at either the 
Wewahitchka or Sumatra gages. Wewa-ChattQ was used directly when Wewahitchka data was available, 
and when Sumatra data was available (but not Wewahitchka), the calculation was based on linear 
interpolation between Blount-ChattQ (1 day earlier) and Suma-ChattQ (1 day later).
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Intervening period (1958-80): Firstly, RM35-ChattQ was estimated using one of three methods: 1) When 
Wewahitchka stage data was available, Wewa-ChattQ (same-day) was used directly. 2) When Sumatra 
data was available (but not Wewahitchka), linear interpolation between Blount-ChattQ (1 day earlier) and 
Suma-ChattQ (1 day later) was used. 3) When the only data available was at Blountstown, Blount-ChattQ 
(1 day earlier) was used directly. In the next step, the resulting RM 35-ChattQ was converted into two RM 
35 stages using the pre-dam and recent relations at the RM 35 gage. Lastly, the final RM 35 stage was 
estimated between those two stages based on the date elapsed since October 1, 1957, (the end of the pre-
dam period for RM 35) and proportions developed from a straight-line decline of stages at 283 m3/s (10,000 
ft3/s) from pre-dam conditions to the recent condition beginning in October 1, 1980. 



Recent period: Records at the RM 35 and 36 gages were not available prior to 1992, however, stage-discharge 
relations from the USACE (2001) indicated that conditions similar to those in the recent period extended 
as far back as 1981. Missing record from 1981-2004 were estimated using Wewa-ChattQ (same day) which 
was converted to RM 35 stage using the recent relation at the RM 35 gage. When Wewahitchka data was 
not available, linear interpolation between Blount-ChattQ (1 day earlier) and Suma-ChattQ (1 day later) 
was used, or Blount-ChattQ only when Sumatra data was not available. 



Stage at Sumatra gage



17,277 total days of missing record: 10,084 days (all days) prior to May 11, 1950; 283 days in 1951-56; 6,545 days 
(all days) from October 1, 1959 to August 31, 1977; and 365 days from 1982-2003. 



There was little difference in pre-dam and recent channel conditions at the Sumatra gage, so the stage-discharge 
relation at Sumatra covers the entire period of record. This “period-of-record” relation was used to convert 
Blount-ChattQ (2 days earlier) to Sumatra stage, except on dates when stage data was available at either the 
Wewahitchka, RM 36, or RM 35 gages. In that case, the associated Chattahoochee discharge (Wewa-ChattQ, 
RM 36-ChattQ, or RM 35-ChattQ; 1 day earlier) for the gage that was closest to Sumatra was used to calculate 
Sumatra stage. 
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Appendix 5.   Methods used to estimate stage records from October 1, 1922, to December 31, 2004, in the Apalachicola River, Florida, at 
12 forest transect locations.



[Stage-discharge relations referred to in this appendix are nonstandard relations in which stage at the indicated transect was related to discharge at the upstream-
most gage at Chattahoochee. The stage-discharge relations for these relations are reported in digital files on the CD in the map pocket of Light and others (2006).  
These relations required some modification at the low end (below 283 m3/s (10,000 ft3/s)) to extend the relations down to flows lower than 142 m3/s (5,000 ft3/s), 
which was necessary for the estimation methods described in this appendix. rm, river mile; km, kilometer]



Definition of terms:



Type 1 interpolation -- Linear interpolation (based on river miles) between closest upstream gage (same day) •	
and closest downstream gage (1 day later).



Type 2 interpolation -- Linear interpolation (based on river miles) between closest upstream gage (1 day •	
earlier) and closest downstream gage (same day).



Type 3 interpolation -- Linear interpolation (based on river miles) between closest upstream gage (same day) •	
and closest downstream gage (same day).



Blount-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the Blountstown gage.•	



BLT-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the BLT transect.•	



MR-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the MR transect.•	



PL-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the PL transect.•	



Wewa-ChattQ -- Discharge at the Chattahoochee gage associated with a given stage at the Wewahitchka gage.•	



Pre-dam relation – pre-dam (pre-1954) stage-discharge relation for the indicated transect modified from Light •	
and others (2006).



Recent relation -- recent (1995-2004) stage-discharge relation for the indicated transect modified from Light •	
and others (2006).



Intervening period -- the period during which channel conditions were intermediate between pre-dam and •	
recent conditions. 



CH transect (rm 104.8) stage was estimated using Type 1 interpolation between stage at the Chattahoochee and 
Blountstown gages.  



TO transect (rm 93.2) stage was estimated using Type 1 interpolation between stage at the Chattahoochee and 
Blountstown gages.  



SE transect (rm 85.8) stage was estimated using Type 2 interpolation between stage at the Chattahoochee and 
Blountstown gages.  



BLT transect (rm 78.9) stage was estimated using Type 2 interpolation between stage at the Chattahoochee and 
Blountstown gages, except during the recent period (1995-2004) during which Type 2 interpolation between 
Chattahoochee discharge and Blount-ChattQ was used to estimate BLT-ChattQ, which was then converted into BLT 
stage using the recent relation for rm 78.9. 



OR transect (rm 72.4) stage was estimated using Type 1 interpolation between stage at the Blountstown and 
Wewahitchka gages. 



MR transect (rm 60.9) stages could not be estimated directly from linear interpolation between Blountstown and 
Wewahitchka stages because water-surface profiles in figure 9 of Light and others (2006) indicates that water 
surfaces at MR differ from those that would be expected with linear interpolation. Thus, MR stages were estimated 
as follows: 



MR-ChattQ was estimated by averaging Type 1 and Type 2 interpolations between Blount-ChattQ and Wewa-•	
ChattQ (because MR is approximately half way between the Blountstown and Wewahitchka gages).  



Timing of the pre-dam, intervening, and recent periods was estimated based on two assumptions: Stage •	
decline at MR was assumed to begin about the same time as at the Wewahitchka gage (which was several 
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years later than it began at Blountstown and Chattahoochee) because MR is downstream of rm 66 (the 
probable downstream limit of the influence of the dam). It was also assumed that stages at MR did not decline 
below recent levels as they did at the Wewahitchka gage after 1971, thus recent conditions at MR were 
assumed from December 1971 through 2004.



Prior to October 1, 1957, MR-ChattQ was converted to MR stage using the pre-dam relation for rm 60.9.  •	
After December 18, 1971, MR-ChattQ was converted to MR stage using the recent relation for rm 60.9.  In 
the intervening period, MR-ChattQ was converted to two stages (pre-dam and recent) and the final MR stage 
was estimated between those two stages based on the date elapsed since October 1, 1957, and proportions 
developed from a straight-line decline of stages at 283 m3/s (10,000 ft3/s) from pre-dam conditions ending 
October 1957 to the recent conditions beginning in December 1971.  



PL transect (rm 48.8) stage could not be estimated directly from linear interpolation (for the same reason as for 
MR stage) and, therefore, was estimated as follows: 



PL-ChattQ was estimated using Type 2 interpolation between Blount-ChattQ and Wewa-ChattQ. •	



Timing of the pre-dam, intervening, and recent periods was assumed to be the same as at MR transect (for the •	
same reasons).



Prior to October 1, 1957, PL-ChattQ was converted to PL stage using the pre-dam relation for rm 48.8.  •	
After December 18, 1971, PL-ChattQ was converted to PL stage using the recent relation for rm 48.8.  In 
the intervening period, PL-ChattQ was converted to two stages (pre-dam and recent) and the final PL stage 
was estimated between those two stages based on the date elapsed since October 1, 1957, and proportions 
developed from a straight-line decline of stages at 283 m3/s (10,000 ft3/s) from pre-dam conditions ending 
October 1957 to the recent conditions beginning in December 1971.  



WEW transect (rm 41.9) stage was estimated using Type 2 interpolation between stage at the Blountstown and 
Wewahitchka gages.  



EA transect (rm 41.2) stage was estimated using Type 3 interpolation between stage at the Wewahitchka and RM 35 
gages.  



EB transect (rm 40.5) stage was estimated using Type 3 interpolation between stage at the Wewahitchka and RM 35 
gages.  



EC transect (rm 35.0) stage was estimated using Type 1 interpolation between stage at the RM 35 and Sumatra 
gages.  



BR transect (rm 19.8) is located 1.3 km downstream of the Sumatra gage, and there are no other gages downstream 
of Sumatra. Water-surface slope in the 1.3 km from rm 20.6 (Sumatra gage) downstream to rm 19.8 (BR transect) 
was assumed to be the same slope as in the 1.3 km immediately upstream of Sumatra gage (from rm 21.4 to 20.6). 
Using this assumption, BR stage was estimated as follows:



Stage at rm 21.4 was estimated using Type 2 interpolation between stage at the RM 35 and Sumatra gages. •	



Sumatra stage was subtracted from the stage at rm 21.4, and the resulting difference was then subtracted from •	
Sumatra stage to yield the estimated stage at BR transect.
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Appendix 6.  Relative basal area of tree species in forests of the Apalachicola River floodplain, Florida.



[Relative basal area (rba) was weighted by the percent of area of each forest type in each reach. The sum of the rba of the 
most dominant species (in bold) is greater than 50 percent. Species are sorted by dominance in the combined 1976 data. 
Scientific names of species are listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; m2/ha, 
square meters per hectare; na, not applicable]



Species
Floodplain  



species  
category



Relative basal area, in percent



1976 data



2004 dataARQA cruise-
transect  data



Thesis and ARQA 
intensive-plot data



Combined  
1976 data



A. High bottomland hardwoods
sweetgum 3 29.1 50.3 34.5 32.1
hackberry 3 17.5 9.8 15.6 12.5
ironwood 3 10.6 1.6 8.4 4.3
water oak 3 10.4 0.8 8.0 11.2
green ash 2 4.9 12.3 7.2 4.5
swamp laurel oak 2 3.7 3.5 3.8 3.4
American elm 2 3.8 1.7 3.6 6.9
possum haw 3 2.9 1.7 3.0 0.6
swamp chestnut oak 3 2.9   2.7 1.1
water hickory 2 2.0 6.8 2.6 4.9
sycamore 3 2.6 4.4 2.4 2.3
box elder 3 1.8 1.7 2.0 2.5
swamp privet 2 1.2 0.2 1.2  
overcup oak 2 0.9 1.4 1.1 1.3
red maple 2 0.7 1.3 0.8 0.7
red mulberry 3 0.9 0.3 0.5 0.3
Chinaberry 4 0.5 1.1 0.5 0.7
winged elm 4 0.7 0.2 0.4 2.0
pagoda oak 3 0.6   0.3  
green haw 2 0.4 0.3 0.2 0.1
swamp tupelo 1 0.4   0.2 1.7
spruce pine 3 0.4   0.2  
bald cypress 1 0.3   0.1  
black tupelo 4 0.3   0.1  
slippery elm 4 0.3   0.1 0.3
buckthorn bumelia 3 0.2   0.1 0.1
loblolly pine 4 0.2   0.1  
persimmon 3   0.3 0.1 0.8
river birch 2   0.2 0.05 0.8
black walnut 4   0.1 0.02  
American holly 3       2.4
bitternut hickory 3       1.6
Southern magnolia 4       0.3
silverbell 4       0.3
planer tree 1       0.1
Ogeechee tupelo 1       0.1
Chinese tallow tree 3       0.03
cherry laurel 4       0.02
popash 1       0.02



Total 100.0 100.0 100.0 100.0



Average total basal area, in m2/ha 26.4 28.1 27.0 28.5
Number of canopy trees sampled 352 283 635 671



Total area sampled, in ha na 0.49 na 1.22



Number of species 27 21 30 30
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Species
Floodplain  



species  
category



Relative basal area, in percent



1976 data



2004 dataARQA cruise-
transect  data



Thesis and ARQA 
intensive-plot data



Combined  
1976 data



B. Low bottomland hardwoods
water hickory 2 9.9 27.5 18.3 19.1
overcup oak 2 19.1 9.0 14.3 11.5
swamp laurel oak 2 6.5 16.5 11.2 11.3
green ash 2 10.0 11.9 10.9 9.3
American elm 2 11.0 3.4 7.4 7.2
river birch 2 9.4 3.6 6.6 4.6
Ogeechee tupelo 1 8.1 3.3 5.8 5.6
sweetgum 3 6.3 3.3 4.9 6.9
hackberry 3 3.2 4.2 3.7 4.6
water tupelo 1 4.3 1.2 2.8 4.5
ironwood 3 2.5 2.7 2.6 1.7
red maple 2 2.5 1.2 1.9 2.7
bald cypress 1 0.9 2.3 1.5 3.0
water oak 3 1.1 1.6 1.3 0.3
black willow 1   2.4 1.1  
popash 1 1.4 0.9 1.1 0.7
planer tree 1 0.5 1.8 1.1 1.0
water locust 2 0.3 1.1 0.7 1.9
possum haw 3 0.1 0.9 0.5 0.9
sycamore 3 0.5 0.4 0.4 0.9
green haw 2 0.4 0.3 0.4 0.1
box elder 3 0.4 0.1 0.3 0.6
laurel oak 4 0.1 0.5 0.3  
swamp cottonwood 1 0.5   0.3 0.8
swamp chestnut oak 3 0.3   0.2  
swamp privet 2 0.2 0.1 0.1 0.1
persimmon 3 0.1 0.03 0.1 0.3
swamp tupelo 1 0.1   0.1  
black tupelo 4 0.1   0.05  
buttonbush 1   0.001 0.001 0.3
sweetbay 3       0.1
red mulberry 3       0.1
stiffcornel dogwood 2       0.03



Total 100.0 100.0 100.0 100.0
Average total basal area, in m2/ha 30.2 27.4 28.8 30.0
Number of canopy trees sampled 409 602 1,011 1,319



Total area sampled, in ha na 1.31 na 2.55
Number of species 28 26 30 28



Appendix 6.  (Continued) Relative basal area of tree species in forests of the Apalachicola River floodplain, 
Florida.



[Relative basal area (rba) was weighted by the percent of area of each forest type in each reach. The sum of the rba of the most 
dominant species (in bold) is greater than 50 percent. Species are sorted by dominance in the combined 1976 data. Scientific 
names of species are listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; m2/ha, square meters 
per hectare; na, not applicable]
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Species
Floodplain  



species  
category



Relative basal area, in percent



1976 data



2004 dataARQA cruise-
transect  data



Thesis and ARQA 
intensive-plot data



Combined  
1976 data



C. Swamp



water tupelo 1 46.3 52.7 49.8 48.3
bald cypress 1 22.0 14.4 17.9 18.9
Ogeechee tupelo 1 14.8 17.1 16.1 16.1
popash 1 9.5 7.4 8.3 4.1
planer tree 1 3.0 2.8 2.9 2.4
swamp tupelo 1 1.3 1.8 1.5 1.0
overcup oak 2 1.0 1.0 1.0 2.8
swamp cottonwood 1 0.2 0.9 0.6 0.6
American elm 2 0.5 0.2 0.4 0.3
red maple 2 0.2 0.4 0.3 1.1
water hickory 2 0.4 0.2 0.3 1.0
green ash 2   0.4 0.2 0.8
river birch 2 0.01 0.3 0.2 0.6
swamp laurel oak 2 0.4   0.2 1.1
sycamore 3 0.04 0.2 0.1 0.04
black willow 1 0.2   0.1  
hackberry 3 0.04 0.1 0.1 0.1
water locust 2 0.04 0.1 0.1 0.6
swamp privet 2 0.04 0.04 0.04 0.01
buttonbush 1 0.04 0.005 0.02 0.02
slippery elm 4 0.04   0.02  
green haw 2   0.01 0.01 0.01
white titi 3   0.01 0.004  
winged elm 4   0.004 0.002  
sweetgum 3       0.10
possum haw 3       0.03
persimmon 3       0.01
ironwood 3       0.01
hazel alder 2       0.004
box elder 3       0.001



Total 100.0 100.0 100.0 100.0



Average total basal area, in m2/ha 54.7 65.0 59.8 52.6
Number of canopy trees sampled 640 544 1,184 1,582



Total area sampled, in ha na 0.72 na 2.45
Number of species 20 21 24 26



Appendix 6.  (Continued) Relative basal area of tree species in forests of the Apalachicola River floodplain, 
Florida.



[Relative basal area (rba) was weighted by the percent of area of each forest type in each reach. The sum of the rba of the most 
dominant species (in bold) is greater than 50 percent. Species are sorted by dominance in the combined 1976 data. Scientific 
names of species are listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; m2/ha, square meters 
per hectare; na, not applicable]
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Appendix 7.  Relative density of tree species in forests of the Apalachicola River floodplain, Florida.



[Relative density (rd) was weighted by the percent of area of each forest type in each reach. The sum of the rd of the most dominant species 
(in bold) is greater than 50 percent. Species are sorted by dominance in the combined 1976 data. Scientific names of species are listed in 
appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, not applicable, trees/ha, trees per hectare]



Species
Floodplain  



species  
category



Relative density, in percent



Canopy tress Subcanopy trees



1976 data



2004 data 2004 dataARQA cruise-
transect  data



Thesis and  
ARQA intensive-



plot data



Combined  
1976 data



A. High bottomland hardwoods



ironwood 3 25.6 6.1 22.4 12.2 7.4
sweetgum 3 17.5 36.4 20.2 19.8 4.9
possum haw 3 15.2 9.4 15.6 4.3 29.4
hackberry 3 11.3 7.6 10.5 13.1 19.2
swamp privet 2 6.0 0.9 6.0    
box elder 3 3.4 5.3 3.9 8.5 5.0
swamp laurel oak 2 3.2 3.4 3.5 2.0 1.4
water oak 3 3.8 2.8 3.4 8.9 6.2
green ash 2 1.3 8.0 2.6 2.0 1.1
overcup oak 2 2.3 1.1 2.4 0.8 2.1
American elm 2 1.3 1.4 1.3 3.2 0.7
Chinaberry 4 0.8 5.4 1.3 1.6 0.7
water hickory 2 1.0 3.8 1.3 2.1 1.1
sycamore 3 1.7 2.2 1.3 1.6  
red maple 2 1.4 0.9 1.2 0.8 0.9
green haw 2 0.8 2.1 0.7 0.3 1.1
swamp chestnut oak 3 0.7   0.7 0.9 1.1
red mulberry 3 0.7 0.3 0.4 0.7 0.3
winged elm 4 0.4 0.9 0.4 3.3 2.7
slippery elm 4 0.6   0.3 0.6 0.1
persimmon 3   1.0 0.2 1.2 2.5
swamp tupelo 1 0.3   0.2 1.2  
black walnut 4   0.9 0.1    
buckthorn bumelia 3 0.3   0.1 0.4 0.6
bald cypress 1 0.2   0.1    
black tupelo 4 0.1   0.04    
spruce pine 3 0.1   0.03    
pagoda oak 3 0.1   0.03    
river birch 2   0.1 0.02 0.6  
loblolly pine 4 0.03   0.01    
American holly 3       6.8 8.6
silverbell 4       1.7 1.1
bitternut 1       0.1 1.7
Southern magnolia 4       0.3  
popash 3       0.4  
planer tree 1       0.1  
Chinese tallow tree 3       0.1  
cherry laurel 4       0.1 0.2
Ogeechee tupelo 1       0.1  



elderberry 3         0.1



Total 100.0 100.0 100.0 100.0 100.1



Average total density , in trees/ha 687 545 702 564 467
Number of trees sampled 352 283 635 671 620



Total area sampled, in ha na 0.49 na 1.22 1.22
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Species
Floodplain  



species  
category



Relative density, in percent



Canopy tress Subcanopy trees



1976 data



2004 data 2004 dataARQA cruise-
transect  data



Thesis and  
ARQA intensive-



plot data



Combined  
1976 data



B. Low bottomland hardwoods
swamp laurel oak 2 4.4 15.0 9.9 6.8 3.2
overcup oak 2 12.3 6.5 9.3 5.3 6.4
water hickory 2 6.3 11.4 9.0 14.0 4.6
ironwood 3 8.8 8.9 8.8 6.7 3.6
green ash 2 11.1 6.3 8.6 5.5 2.2
river birch 2 14.8 2.0 8.2 4.5 0.1
American elm 2 9.2 6.9 8.0 5.6 1.6
red maple 2 8.6 3.9 6.1 8.0 9.0
sweetgum 3 6.3 4.0 5.1 6.8 2.6
planer tree 1 1.3 7.4 4.5 3.5 3.9
possum haw 3 2.0 6.4 4.2 7.4 42.7
hackberry 3 3.1 3.3 3.2 7.3 7.7
bald cypress 1 0.4 5.0 2.8 2.3 0.6
Ogeechee tupelo 1 1.7 3.7 2.7 3.4 1.0
popash 1 1.4 1.5 1.4 1.6 1.2
water tupelo 1 1.8 0.9 1.3 2.5 0.2
green haw 2 1.1 1.4 1.3 0.7 1.8
swamp privet 2 1.7 0.6 1.1 0.6 2.2



sycamore 3 0.4 1.4 0.9 0.7  
black willow 1   1.6 0.8    
box elder 3 1.6 0.1 0.8 1.7 4.4
water locust 2 0.3 1.3 0.8 1.3 0.3
water oak 3 0.6 0.2 0.4 0.5 0.3
swamp cottonwood 1 0.4   0.2 0.3  
laurel oak 4 0.02 0.2 0.1    
persimmon 3 0.1 0.1 0.1 0.9 0.4
black tupelo 4 0.1   0.03    
swamp tupelo 1 0.05   0.02    
swamp chestnut oak 3 0.05   0.02    
buttonbush 1   0.02 0.01 1.4 0.5
stiffcornel dogwood 2       0.3 1.3
red mulberry 3       0.3  
sweetbay 3       0.1  
American holly 3         0.2



Total 100.0 100.0 100.0 100.0 100.00



Average total density , in trees/ha 459 497 478 528 420
Number of trees sampled 409 602 1,011 1,319 1,240
Total area sampled, in ha na 1.31 na 2.55 2.55



Appendix 7.  (Continued) Relative density of tree species in forests of the Apalachicola River floodplain, Florida.



[Relative density (rd) was weighted by the percent of area of each forest type in each reach. The sum of the rd of the most dominant species 
(in bold) is greater than 50 percent. Species are sorted by dominance in the combined 1976 data. Scientific names of species are listed in 
appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, not applicable, trees/ha, trees per hectare]
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Species
Floodplain  



species  
category



Relative density, in percent



Canopy tress Subcanopy trees



1976 data



2004 data 2004 dataARQA cruise-
transect  data



Thesis and  
ARQA intensive-



plot data



Combined  
1976 data



C. Swamp



popash 1 29.3 33.3 31.2 16.8 16.4
water tupelo 1 28.5 28.8 28.7 33.5 3.9
Ogeechee tupelo 1 15.4 10.2 12.9 10.9 2.1
bald cypress 1 12.8 11.4 12.1 16.3 17.5
planer tree 1 10.2 9.7 9.9 8.1 19.5
swamp tupelo 1 0.6 1.3 0.9 0.9 0.0
red maple 2 0.3 1.0 0.7 3.1 6.9
river birch 2 0.4 0.8 0.6 2.0 2.0
swamp cottonwood 1 0.5 0.7 0.6 0.5 0.1
overcup oak 2 0.4 0.6 0.5 2.6 4.4
American elm 2 0.5 0.3 0.4 0.5 1.7
water hickory 2 0.1 0.5 0.3 0.7 2.7
sycamore 3   0.5 0.3 0.03 0.0
swamp privet 2 0.2 0.2 0.2 0.1 0.4
water locust 2 0.3 0.1 0.2 0.7 0.6
green ash 2   0.2 0.1 0.9 0.5
buttonbush 1 0.1 0.03 0.1 0.2 4.1
hackberry 3 0.04 0.1 0.1 0.1 0.5
black willow 1 0.1   0.1    
green haw 2   0.1 0.1 0.03 0.3
white titi 3   0.1 0.04   0.3
winged elm 4   0.05 0.02   0.1
slippery elm 4 0.04   0.02    
swamp laurel oak 2 0.04   0.02 1.0 1.1
sweetgum 3       0.3 0.1
possum haw 3       0.3 1.9
persimmon 3       0.2 0.4
hazel alder 2       0.1 4.7
ironwood 3       0.1 0.2
box elder 3       0.01 0.6
American snowbell 2         5.4
stiffcornel dogwood 2         1.5
winterberry 2         0.1
sarvis holly 1         0.1



Total 100.0 100.0 100.0 100.0 100.0



Average total density , in trees/ha 1082 1016 1049 670 286
Number of trees sampled 640 544 1,184 1,582 620
Total area sampled, in ha na 0.72 na 2.45 2.45



Appendix 7.  (Continued) Relative density of tree species in forests of the Apalachicola River floodplain, Florida.



[Relative density (rd) was weighted by the percent of area of each forest type in each reach. The sum of the rd of the most dominant species 
(in bold) is greater than 50 percent. Species are sorted by dominance in the combined 1976 data. Scientific names of species are listed in 
appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, not applicable, trees/ha, trees per hectare]
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Appendix 8.  Average Floodplain Indices of plots where tree species 
were sampled in 1976 forests of the Apalachicola River floodplain, 
Florida.



[Species are arranged in descending order by average Floodplain Index (FI) of the 
plots where they were sampled in 1976. Species with a sample size of less than 
5 trees are not included. Scientific names of species and their Floodplain Species 
Categories are listed in appendix 1]



Species
Floodplain 



species 
category



Number of trees  
sampled 



Average FI of plots  
where sampled



chinaberry 4 8 3.063



red mulberry 3 7 2.853



water oak 3 50 2.730



swamp chestnut oak 3 9 2.706



sweetgum 3 299 2.614



box elder 3 22 2.571



hackberry 3 148 2.547



ironwood 3 110 2.528



possum haw 3 77 2.505



sycamore 3 37 2.439



winged elm 4 11 2.429 a



persimmon 3 6 2.367



green ash 2 134 2.281



green haw 2 28 2.250



swamp laurel oak 2 138 2.249



American elm 2 110 2.209



water hickory 2 174 2.154



red maple 2 54 2.061



overcup oak 2 136 1.980



river birch 2 31 1.848



swamp privet 2 12 1.842



water locust 2 12 1.750



swamp cottonwood 1 17 1.461



black willow 1 12 1.384



planer tree 1 102 1.298



swamp tupelo 1 26 1.279



popash 1 195 1.254



Ogeechee tupelo 1 162 1.226



bald cypress 1 246 1.190



water tupelo 1 440 1.138



Total 2,830  



a One winged elm sampled in a swamp plot may have been misidentified. 
Average FI without this plot is 2.770.
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Appendix 9.  Changes in Floodplain Indices from 1976 to 2004 for individual replicate plots in 
forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the species composition (as determined 
by dominance) toward a drier forest type. Prefix of plot name indicates transect name. FIs are calculated from 
relative basal areas of canopy trees weighted by the Floodplain Species Category (FSC). Significant differences 
were determined using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 
but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; IP, intensive plot; Loblh, low bottomland 
hardwoods; n, sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



  Indicates FI for 2004 plot is drier than FI for 1976 plot (difference is positive)
  Indicates FI for 2004 plot is wetter than FI for 1976 plot (difference is negative)



Forest type Plot name
Floodplain Index (FI) Difference in FI  



(2004 canopy minus  
1976 canopy)1976 canopy 2004 canopy



A. Upper Reach



Hiblh



CH-01 3.000 3.029 0.029



CH-02 3.000 3.258 0.258



TO-09 3.000 3.056 0.056



SE-IP4 3.047 2.809 -0.238



SE-IP6 2.516 2.754 0.238



SE-22 2.750 2.342 -0.408



SE-23 2.750 2.729 -0.021



SE-25 2.500 2.581 0.081



 BLT-L 2.650 2.830 0.180



Loblh



TO-04 2.000 2.727 0.727



TO-06 2.273 2.549 0.276



TO-07 2.000 2.143 0.143



SE-IP3 2.085 1.190 -0.895



BLT-MS 2.228 2.092 -0.136



BLT-MP 2.335 2.435 0.100



BLT-BP 2.128 2.146 0.018



Swamp



TO-01 1.000 2.012 1.012



TO-02 1.000 1.022 0.022



TO-03 1.000 1.001 0.001



SE-IP1 1.002 1.001 -0.001



SE-IP2 1.000 1.001 0.001



SE-06 1.400 1.482 0.082



SE-12 1.000 1.000 0.000



SE-13 1.000 1.000 0.000



SE-14 1.000 1.002 0.002



SE-15 1.000 1.000 0.000



SE-16 1.000 1.001 0.001



SE-17 1.000 1.003 0.003



SE-18 1.000 1.007 0.007



BLT-BS 1.077 1.048 -0.029



Average difference in FI for upper reach (n = 30) 0.050 *
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  Indicates FI for 2004 plot is drier than FI for 1976 plot (difference is positive)
  Indicates FI for 2004 plot is wetter than FI for 1976 plot (difference is negative)



Forest type Plot name



Floodplain Index (FI)



1976 canopy 2004 canopy
Difference in FI  



(2004 canopy minus  
1976 canopy)



B. Middle Reach



Hiblh



OR-01 2.667 2.780 0.113



OR-30 2.909 2.749 -0.160



MR-01 2.833 2.654 -0.180



MR-07 3.000 2.745 -0.255



PL-15 2.750 2.987 0.237



PL-16 2.667 2.882 0.215



Loblh



OR-5.5 2.000 2.419 0.419



MR-08 2.000 1.996 -0.004



MR-16 2.167 2.157 -0.009



MR-16.5 2.083 1.939 -0.145



PL-01 2.000 2.185 0.185



PL-02 2.200 2.046 -0.154



PL-03 1.667 1.384 -0.282



PL-08 2.000 1.887 -0.113



WEW-FS 1.767 1.933 0.165



WEW-HL 1.914 2.062 0.148



WEW-UB1 2.169 2.185 0.016



Swamp



OR-08 1.000 1.017 0.017



OR-32.5 1.000 1.844 0.844



MR-06 1.333 1.000 -0.333



MR-05 1.000 1.000 0.000



PL-04 1.000 1.237 0.237



PL-05 1.125 1.073 -0.052



PL-06 1.250 1.708 0.458



PL-07 1.111 1.637 0.526



PL-09 1.000 1.000 0.000



PL-10 1.500 1.825 0.325



PL-11 1.000 1.116 0.116



PL-12 1.000 1.000 0.000



PL-13 1.000 1.138 0.138



PL-14 1.375 1.065 -0.310



WEW-LB1 1.384 1.216 -0.168



WEW-BS 1.134 1.224 0.090



Average difference in FI for middle reach (n = 33) 0.063



Appendix 9.  (Continued) Changes in Floodplain Indices from 1976 to 2004 for individual replicate 
plots in forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the species composition (as determined 
by dominance) toward a drier forest type. Prefix of plot name indicates transect name. FIs are calculated from 
relative basal areas of canopy trees weighted by the Floodplain Species Category (FSC). Significant differences 
were determined using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 
but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; IP, intensive plot; Loblh, low bottomland 
hardwoods; n, sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]











76    Drying of Floodplain Forests Associated with Decline in Water Levels in the Apalachicola River, Fla.



  Indicates FI for 2004 plot is drier than FI for 1976 plot (difference is positive)
  Indicates FI for 2004 plot is wetter than FI for 1976 plot (difference is negative)



Forest type Plot name



Floodplain Index (FI) Difference in FI  
(2004 canopy minus  



1976 canopy)1976 canopy 2004 canopy



C. Lower Reach



Loblh
BR-IP11 1.961 1.298 -0.662



BR-IP14 2.029 2.034 0.006



Swamp



BR-18 1.083 1.000 -0.083



BR-3 1.000 1.167 0.167



BR-4 1.000 1.030 0.030



BR-5 1.000 1.044 0.044



BR-IP13 1.006 1.020 0.015



BR-20 1.000 1.000 0.000



Average difference in FI for lower reach (n = 8) -0.061



Average difference in FI for Hiblh all reaches (n = 15) 0.010



Average difference in FI for Loblh all reaches (n = 20) -0.010



Average differencein FI for Swamp all reaches (n = 36) 0.088 **



Average difference in FI for all plots (n = 71) 0.044 *



Appendix 9.  (Continued) Changes in Floodplain Indices from 1976 to 2004 for individual replicate 
plots in forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the species composition (as determined 
by dominance) toward a drier forest type. Prefix of plot name indicates transect name. FIs are calculated from 
relative basal areas of canopy trees weighted by the Floodplain Species Category (FSC). Significant differences 
were determined using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 
but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; IP, intensive plot; Loblh, low bottomland 
hardwoods; n, sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]
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Appendix 10.  Differences in Floodplain Indices between 2004 canopy and subcanopy tree-size classes for individual plots in the 
forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the speciescomposition (as determined by dominance) toward the next drier 
forest type. Prefix of plot name indicates transect name. FIs for canopy trees are calculated from relative basal areas. FIs for subcanopy trees are calculated 
from relative density. Canopy trees have diameter at breast height (dbh) ≥ 7.5 cm; large canopy trees, dbh ≥ 25 centimeter (cm); small canopy trees, dbh 
< 25 and ≥ 7.5 cm; and subcanopy trees, dbh < 7.5 and ≥ 2.5 cm. Significant differences were determined using Wilcoxon matched-pairs signed-ranks 
test. Probabilities (p) shown with * are > 0.05 but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; IP, intensive plot; Loblh, low bottomland 
hardwoods; n = sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



     Indicates FI for given size class is drier than FI for canopy trees (difference is positive)
     Indicates FI for given size class is wetter than FI for canopy trees (difference is negative)



Forest type Plot name



2004 Floodplain Index (FI) Difference in FI



Canopy Large  
canopy



Small  
canopy Subcanopy Large canopy  



minus canopy
Small canopy  
minus canopy



Subcanopy  
minus canopy



A. Upper Reach



   Hiblh



CH-01 3.029 3.000 3.097 2.971 -0.029 0.068 -0.058



CH-02 3.258 4.000 3.087 3.000 0.742 -0.171 -0.258



CH-L2 3.167 3.134 3.246 3.200 -0.033 0.079 0.033



TO-09 3.056 3.038 3.195 3.094 -0.018 0.139 0.038



SE-IP04 2.809 2.434 3.141 3.205 -0.374 0.332 0.396



SE-IP06 2.754 2.712 2.963 2.966 -0.042 0.209 0.211



SE-22 2.342 2.297 2.726 3.000 -0.045 0.385 0.658



SE-23 2.729 2.295 3.192 3.034 -0.434 0.464 0.305



SE-25 2.581 2.504 2.969 3.000 -0.078 0.387 0.419



BLT-L 2.808 2.788 2.938 2.712 -0.020 0.130 -0.097



   Loblh



TO-04 2.727 2.650 3.000 2.931 -0.077 0.273 0.204



TO-06 2.549 2.441 2.942 2.868 -0.108 0.393 0.320



TO-07 2.143 2.082 2.626 3.000 -0.060 0.483 0.857



SE-IP03 1.190 1.102 1.513 2.647 -0.088 0.322 1.457



BLT-MP 2.435 2.394 2.642 2.743 -0.040 0.207 0.308



BLT-BP 2.146 2.125 2.285 2.541 -0.021 0.139 0.395



BLT-MS 2.092 2.070 2.314 2.185 -0.023 0.222 0.093



   Swamp



TO-01 2.012 1.943 2.884 2.882 -0.068 0.873 0.871



TO-02 1.022 1.000 1.359 1.000 -0.022 0.337 -0.022



TO-03 1.001 1.000 1.027 1.000 -0.001 0.026 -0.001



SE-IP01 1.001 1.000 1.006 1.643 -0.001 0.005 0.642



SE-IP02 1.001 1.000 1.009 1.053 -0.001 0.008 0.052



SE-06 1.482 1.482 1.483 1.833 0.000 0.001 0.351



SE-12 1.000 1.000 1.000 1.333 0.000 0.000 0.333



SE-13 1.000 1.000 1.000 1.600 0.000 0.000 0.600



SE-14 1.002 1.000 1.006 1.320 -0.002 0.004 0.318



SE-15 1.000 1.000 1.000 1.524 0.000 0.000 0.524



SE-16 1.001 1.000 1.004 1.500 -0.001 0.002 0.499



SE-17 1.003 1.000 1.013 1.640 -0.003 0.010 0.637



SE-18 1.007 1.000 1.041 1.640 -0.007 0.034 0.633



BLT-BS 1.048 1.046 1.068 1.500 -0.002 0.020 0.452



Average difference in FI for all upper reach plots  (n = 31) -0.028 ** 0.174 ** 0.360 **
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     Indicates FI for given size class is drier than FI for canopy trees (difference is positive)
     Indicates FI for given size class is wetter than FI for canopy trees (difference is negative)



Forest type Plot name



2004 Floodplain Index (FI) Difference in FI



Canopy Large  
canopy



Small  
canopy Subcanopy Large canopy  



minus canopy
Small canopy  
minus canopy



Subcanopy  
minus canopy



B. Middle Reach



   Hiblh



OR-30 2.749 2.750 2.736 3.000 0.002 -0.013 0.251



OR-01 2.780 2.748 3.093 2.833 -0.032 0.313 0.053



MR-01 2.654 2.623 2.792 2.853 -0.031 0.138 0.199



MR-07 2.745 2.682 2.865 2.935 -0.063 0.120 0.191



PL-15 2.987 3.000 2.925 2.875 0.013 -0.062 -0.112



PL-16 2.882 2.907 2.840 2.957 0.025 -0.042 0.075



   Loblh



OR-5.5 2.419 2.337 2.611 2.833 -0.082 0.192 0.415



MR-08 1.996 2.000 1.982 2.176 0.004 -0.014 0.180



MR-16 2.157 2.133 2.298 2.455 -0.024 0.141 0.297



MR-16.5 1.939 2.000 1.847 1.250 0.061 -0.092 -0.689



PL-01 2.185 2.204 2.165 2.526 0.019 -0.020 0.341



PL-02 2.046 2.000 2.443 2.960 -0.046 0.396 0.914



PL-03 1.384 1.372 1.490 none -0.013 0.105  



PL-08 1.887 1.913 1.528 2.250 0.026 -0.359 0.363



WEW-FS 1.933 2.044 1.607 2.446 0.111 -0.326 0.513



WEW-HL 2.062 2.000 2.235 2.920 -0.062 0.174 0.858



WEW-UBX 2.185 2.000 2.919 2.923 -0.185 0.734 0.738



   Swamp



OR-32.5 1.844 1.861 1.699 1.000 0.017 -0.146 -0.844



OR-08 1.017 1.000 1.277 1.000 -0.017 0.260 -0.017



MR-05 1.000 1.000 1.000 1.250 0.000 0.000 0.250



MR-06 1.000 1.000 1.000 1.000 0.000 0.000 0.000



PL-04 1.237 1.222 1.546 1.000 -0.015 0.309 -0.237



PL-05 1.073 1.078 1.000 none 0.004 -0.073  



PL-06 1.708 1.750 1.455 none 0.042 -0.254  



PL-07 1.637 1.589 2.063 3.000 -0.048 0.426 1.363



PL-09 1.000 1.000 1.000 1.000 0.000 0.000 0.000



PL-10 1.825 2.000 1.571 1.294 0.175 -0.254 -0.531



PL-11 1.116 1.000 1.698 1.955 -0.116 0.582 0.839



PL-12 1.000 1.000 1.000 1.000 0.000 0.000 0.000



PL-13 1.138 1.142 1.000 none 0.004 -0.138  



PL-14 1.065 1.000 1.877 1.167 -0.065 0.812 0.102



WEW-LBX 1.216 1.115 1.804 1.789 -0.101 0.588 0.573



WEW-BS 1.224 1.197 1.405 2.120 -0.027 0.181 0.896



WEW-BSX 1.000 1.000 1.000 1.000 0.000 0.000 0.000



Average difference in FI for all middle reach plots (n = 34) -0.012 0.108 * 0.233 **



Appendix 10.  (Continued) Differences in Floodplain Indices between 2004 canopy and subcanopy tree-size classes for individual 
plots in the forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the speciescomposition (as determined by dominance) toward the next drier 
forest type. Prefix of plot name indicates transect name. FIs for canopy trees are calculated from relative basal areas. FIs for subcanopy trees are calculated 
from relative density. Canopy trees have diameter at breast height (dbh) ≥ 7.5 cm; large canopy trees, dbh ≥ 25 centimeter (cm); small canopy trees, dbh 
< 25 and ≥ 7.5 cm; and subcanopy trees, dbh < 7.5 and ≥ 2.5 cm. Significant differences were determined using Wilcoxon matched-pairs signed-ranks 
test. Probabilities (p) shown with * are > 0.05 but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; IP, intensive plot; Loblh, low bottomland 
hardwoods; n = sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]
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     Indicates FI for given size class is drier than FI for canopy trees (difference is positive)
     Indicates FI for given size class is wetter than FI for canopy trees (difference is negative)



Forest type Plot name



2004 Floodplain Index (FI) Difference in FI



Canopy Large  
canopy



Small  
canopy Subcanopy Large canopy  



minus canopy
Small canopy  
minus canopy



Subcanopy  
minus canopy



C. Lower Reach



   Hiblh



EA-02 2.547 2.505 2.710 3.000 -0.042 0.164 0.453



EB-01 2.835 2.821 2.839 2.889 -0.014 0.005 0.054



EB-08 2.545 2.561 2.391 2.750 0.015 -0.155 0.205



   Loblh



EA-01 2.433 2.456 2.339 3.000 0.023 -0.094 0.567



EA-03 2.056 2.039 2.189 2.583 -0.017 0.133 0.527



EA-04 1.662 1.661 1.685 1.846 -0.001 0.023 0.184



EA-05 2.189 2.095 2.447 2.476 -0.094 0.258 0.287



EA-08 1.500 1.523 1.345 1.854 0.023 -0.155 0.354



EB-02 2.274 2.204 2.790 2.211 -0.071 0.516 -0.064



EB-03 1.920 1.902 1.960 2.241 -0.018 0.039 0.321



EB-06 1.652 1.648 1.765 1.900 -0.004 0.114 0.248



EB-07 2.572 2.660 2.444 2.761 0.088 -0.128 0.189



EC-03 2.301 2.373 1.941 2.852 0.072 -0.360 0.551



EC-04 2.379 2.197 2.646 2.941 -0.182 0.267 0.562



EC-05 2.349 2.368 2.284 2.700 0.020 -0.065 0.351



EC-06 1.972 1.948 2.092 2.563 -0.024 0.121 0.591



EC-07 1.818 1.877 1.618 2.393 0.059 -0.200 0.575



BR-IP11 1.298 1.262 1.484 1.850 -0.037 0.185 0.552



BR-IP14 2.034 2.045 2.000 2.625 0.010 -0.035 0.591



   Swamp



EA-06 1.446 1.484 1.073 1.917 0.039 -0.373 0.471



EA-07 1.022 1.000 1.247 1.263 -0.022 0.225 0.242



EB-04 1.021 1.000 1.110 1.188 -0.021 0.088 0.166



EB-05 1.009 1.000 1.116 1.100 -0.009 0.107 0.091



EC-10 1.274 1.267 1.295 1.583 -0.007 0.020 0.309



BR-IP13 1.020 1.000 1.233 1.667 -0.020 0.213 0.646



BR-03 1.167 1.178 1.118 1.375 0.011 -0.049 0.208



BR-04 1.030 1.033 1.015 1.625 0.002 -0.015 0.595



BR-05 1.044 1.051 1.000 1.333 0.007 -0.044 0.289



BR-18 1.000 1.000 1.000 1.000 0.000 0.000 0.000



BR-20 1.019 1.014 1.100 1.000 -0.005 0.081 -0.019



Average difference in FI for all lower reach plots (n = 30) -0.007 0.030 0.337 **



Average difference in FI for Hiblh (n = 19) -0.024 ** 0.131 ** 0.159 **



Average difference in FI for Loblh (n = 34) -0.022 * 0.106 ** 0.423 **



Average difference in FI for Swamp (n = 42) -0.007 ** 0.092 ** 0.289 **



Average difference in FI for all plots (n = 95) -0.016 ** 0.105 ** 0.310 **



Appendix 10.  (Continued) Differences in Floodplain Indices between 2004 canopy and subcanopy tree-size classes for individual 
plots in the forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the speciescomposition (as determined by dominance) toward the next drier 
forest type. Prefix of plot name indicates transect name. FIs for canopy trees are calculated from relative basal areas. FIs for subcanopy trees are calculated 
from relative density. Canopy trees have diameter at breast height (dbh) ≥ 7.5 cm; large canopy trees, dbh ≥ 25 centimeter (cm); small canopy trees, dbh 
< 25 and ≥ 7.5 cm; and subcanopy trees, dbh < 7.5 and ≥ 2.5 cm. Significant differences were determined using Wilcoxon matched-pairs signed-ranks 
test. Probabilities (p) shown with * are > 0.05 but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; IP, intensive plot; Loblh, low bottomland 
hardwoods; n = sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]
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Appendix 11. Statistical evaluation of correlations between Floodplain Indices of 1976 and 2004 tree-size classes and 
flood durations in forests of the Apalachicola River floodplain, Florida.



[Forest composition is based on Floodplain Index (FI) values for indicated groups. Flood duration is the average number of days of flooding 
in the growing season based on stage in the adjacent river channel without any adjustments for water retention in depressions or other 
factors affecting the relation between river stage and floodplain water levels. Canopy includes trees ≥ 7.5 centimeter (cm) diameter at breast 
height (dbh); small canopy trees are < 25 and ≥ 7.5 cm dbh; subcanopy trees are < 7.5 and ≥ 2.5 cm dbh. FIs for canopy trees calculated 
from relative basal areas. Fls for subcanopy trees calculated from relative density. Statistics not calculated for groups with sample size ≤ 5. 
Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods; n, sample size; p, probability; r, Pearson correlation coefficient; >, 
greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



    Indicates correlation is highly significant (p ≤ 0.05)
  Indicates correlation is less significant  (p < 0.1 > 0.05)



    Indicates correlation is not significant (p ≥ 0.1)



*   Indicates correlation is positive



Forest type Reach



Pearson r values, significance, and sample size correlations between FIs and  
flood duration for four forest groups



 1976  
canopy trees



2004  
canopy trees



2004  
small canopy trees



2004  
subcanopy trees



Hiblh



UPPER
r = -0.430 
p = 0.016, n = 31



r = -0.644 
p = 0.044, n = 10



r = -0.598 
p = 0.068, n = 10



r = -0.662 
p = 0.037, n = 10



MIDDLE
r = -0.483 
p = 0.042, n = 18



r = -0.626 
p = 0.184, n = 6



r = -0.502 
p = 0.310, n = 6



r = -0.262 
p = 0.616, n = 6



LOWER n = 0 n = 3 n = 3 n = 3



All
r = -0.499 
p = 0.0003, n = 49



r = -0.637 
p = 0.003, n = 19



r = -0.628 
p = 0.004, n = 19



r = -0.439 
p = 0.060, n = 19



Loblh



UPPER
r = -0.031 
p = 0.917, n = 14



r = -0.428 
p = 0.338, n = 7



r = -0.587 
p = 0.166, n = 7



r = -0.737 
p = 0.059, n = 7



MIDDLE
r = -0.394 
p = 0.012, n = 40



r = -0.376 
p = 0.254, n = 11



r = -0.449 
p = 0.166, n = 11



r = -0.518 
p = 0.125, n = 10



LOWER n = 3
r = -0.711 
p = 0.002, n = 16



r = -0.504 
p = 0.047, n = 16



r = -0.659 
p = 0.006, n = 16



All
r = -0.405 
p = 0.002, n = 57



r = -0.563 
p = 0.001, n = 34



r = -0.511 
p = 0.002, n = 34



r = -0.603 
p = 0.0002, n = 33



Swamp



UPPER r = 0.410 * 
p = 0.038, n = 26



r = -0.012 
p = 0.967, n = 14



r = -0.065 
p = 0.825, n = 14



r = -0.033 
p = 0.912, n = 14



MIDDLE
r = -0.047  
p = 0.814, n = 28



r = -0.095 
p = 0.717, n = 17



r = -0.320 
p = 0.2100, n = 17



r = 0.021 * 
p = 0.9431, n = 14



LOWER
r = -0.327  
p = 0.128, n = 23



r = -0.677 
p = 0.022, n = 11



r = -0.426 
p = 0.191, n = 11



r = -0.338 
p = 0.310, n = 11



All
r = -0.081 
p = 0.485, n = 77



r = -0.108 
p = 0.496, n = 42



r = -0.158 
p = 0.317, n = 42



r = -0.163 
p = 0.323, n = 39



Reaches



UPPER
r = -0.648 
p < 0.0001, n = 71



r = -0.781 
p < 0.001, n = 31



r = -0.731 
p < 0.0001, n = 31



r = -0.669 
p < 0.0001, n = 31



MIDDLE
r = -0.702 
p < 0.0001, n = 86



r = -0.757 
p < 0.0001, n = 34



r = -0.763 
p < 0.0004, n = 34



r = -0.649 
p < .0001, n = 30



LOWER
r = -0.785 
p < 0.0001, n = 26



r = -0.841 
p < 0.0001, n = 30



r = -0.841 
p < 0.0001, n = 30



r = -0.776 
p < 0.0001, n = 30



ALL
r = -0.680 
p < 0.0001, n = 183



r = -0.636 
p < 0.0001, n = 95



r = -0.603 
p < 0.0001, n = 95



r = -0.566 
p < 0.0001, n = 91
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Appendix 12.  Statistical evaluation of differences between Floodplain Indices of 1976 and 2004 
tree-size classes in forests of the Apalachicola River floodplain, Florida.



[Percentage of change in composition based on differences between Floodplain Index (FI) values for indicated 
groups. A change of + 0.01 in a FI is a change of 1% of the species composition (as determined by dominance) 
toward a drier forest type. Canopy includes trees ≥ 7.5 centimeter (cm) diameter at breast height (dbh); large 
canopy trees are ≥ 25 cm dbh; subcanopy trees are < 7.5 and ≥ 2.5 cm dbh. FIs for canopy trees calculated 
from relative basal areas. Fls for subcanopy trees calculated from relative density. Significant differences were 
determined using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 but < 0.10; 
with ** are ≤ 0.05. Statistics not calculated for groups with sample size ≤ 5. Hiblh, high bottomland hardwoods; 
Loblh, low bottomland hardwoods; >, greater than; n, sample size; ≥, greater than or equal to; <, less than; ≤, less 
than or equal to; %, percent]



    Indicates correlation is highly significant (p ≤ 0.05)
    Indicates correlation is less significant  (p < 0.1 > 0.05)
    Indicates correlation is not significant (p ≥ 0.1)



Forest type Reach



Change in composition, statistical significance, and sample sizes



Pre-1954 to 1976 
(change from  



1976 large canopy to 
1976 canopy trees)



From 1976 to 2004 
(change from  



1976 canopy to  
2004 canopy trees)



From 2004 to 2085 a 
(change from  



2004 canopy to  
2004 subcanopy trees)



Hiblh



UPPER 4.0%, drier, n = 4
1.9% drier 
p = 0.496, n = 9



16.5% drier 
p = 0.160, n = 10



MIDDLE n = 0
0.5% wetter 
p = 1.000, n = 6



10.9% drier 
p = 0.156, n = 6



LOWER n = 0 n = 0
23.7% drier 
n = 3  



All 4.0% drier, n = 4
1.0% drier 
p = 0.720, n = 15



15.9% drier 
p = 0.012, n = 19



Loblh



UPPER
6.9% drier 
n = 4



3.3% drier 
p = 0.578, n = 7



51.9% drier 
p = 0.016, n = 7



MIDDLE
0.9% wetter 
n = 3



2.1% drier 
p = 0.765, n = 11



39.3% drier 
p = 0.037, n = 10



LOWER
6.5% drier 
n = 2  



32.8% wetter 
n = 2  



39.9% drier 
p = 0.001, n = 16



All
4.2% drier 
 p = 0.164, n = 9



1.0% wetter 
p = 0.729, n = 20



42.3% drier 
p < 0.001, n = 33



Swamp



UPPER
1.1% drier 
n = 4



7.9% drier 
p = 0.083, n = 14



42.1% drier 
p < 0.001, n = 14



MIDDLE
no change 
n = 2  



11.8% drier 
p ≤ 0.191, n = 16



17.1% drier 
p = 0.322, n = 14



LOWER
0.3% drier 
n = 2  



2.9% drier 
p = 0.438, n = 6  



27.3% drier 
p = 0.004, n = 11



All
0.6% drier 
p = 0.563, n = 8



8.8% drier 
p = 0.026, n = 36



28.9% drier 
p < 0.001, n = 39



Reaches



UPPER
4.0% drier 
 p =  0.032, n = 12



5.0% drier 
p = 0.066, n = 30



36.0% drier 
p < 0.001, n = 31



MIDDLE
0.6% wetter 
n = 5



6.3% drier 
p = 0.299, n = 33



23.3% drier 
p = 0.010, n = 33



LOWER
3.4% drier 
n = 4  



6.1% drier 
p = 0.813, n = 8



33.7% drier 
p < 0.001, n = 27



All
2.8% drier 
p =  0.026, n = 21



4.4% drier 
p = 0.086, n = 71



31.0% drier 
p < 0.001, n = 91



a In 2085, the median age of surviving 2004 subcanopy trees will reach the median age (99 years) of the 
2004 large canopy trees.
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Sticky Note


drying is most severe in last 20-yr period, after when channel decline was main driver.  channel had stabilized by last time period - when flow change were dominant cause.

last field work was in 2004

there were back to back droughts in this period but wouldn't have been as severe.  might be climatic as well.  but this tree data is prior to most severe recent droughts. 
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Alabama shad Alosa alabamae Jordan and Evermann
American eel Anguilla rostrata (Lesueur)
Atlantic needlefish Strongylura marina (Walbaum)
banded pygmy sunfish Elassoma zonatum Jordan
banded sunfish Enneacanthus obesus (Girard)
banded topminnow Fundulus cingulatus Valenciennes
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Gulf of Mexico sturgeon Acipenser oxyrhynchus desotoi Vladykov and



       Greeley
hogchoker Trinectes maculatus (Bloch and Schneider)
ironcolor shiner Notropis chalybaeus (Cope)
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lake chubsucker Erimyzon sucetta (Lacepede)
largemouth bass Micropterus salmoides (Lacepede)
least killifish Heterandria formosa Agassiz
longnose gar Lepisosteus osseus Linnaeus
longnose shiner Notropis longirostris (Hay)
mosquitofish Gambusia affinis (Baird and Girard)
mountain mullet Agonostomus monticola (Bancroft)
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pirate perch Aphredoderus sayanus (Gilliams)
pugnose minnow Notropis emiliae (Hay)
pygmy killifish Leptolucania ommata (Jordan)
quillback Carpiodes cyprinus (Lesueur)
redbreast sunfish Lepomis auritus (Linnaeus)
redear sunfish Lepomis microlophus (Gunther)
redeye chub Notropis harperi Fowler
redfin pickerel Esox americanus americanus Gmelin
sailfin shiner Notropis hypselopterus (Gunther)
sauger Stizostedion canadense (Smith)
shadow bass Ambloplites ariommus Viosca
shoal bass Micropterus n.sp. cf coosae
silverjaw minnow Ericymba buccata Cope
skipjack herring Alosa chrysochloris (Rafinesque)
snail bullhead Ictalurus brunneus (Jordan)
southern brook lamprey Ichthyomyzon gagei Hubbs and Trautman
southern flounder Paralichthys lethostigma Jordan and Gilbert
speckled madtom Noturus leptacanthus Jordan
spotted bass Micropterus punctulatus (Rafinesque)
spotted bullhead Ictalurus serracanthus Yerger and Relyea
spotted gar Lepisosteus oculatus Winchell
spotted sucker Minytrema melanops (Rafinesque)
spotted sunfish Lepomis punctatus (Valenciennes)
striped bass Morone saxatilis (Walbaum)
striped mullet Mugil cephalus Linnaeus
sunshine bass Morone hybrid: chrysops X saxatilis1



swamp darter Etheostoma fusiforme (Girard)
tadpole madtom Noturus gyrinus (Mitchill)
taillight shiner Notropis maculatus (Hay)
threadfin shad Dorosoma petenense (Gunther)
warmouth Lepomis gulosus (Cuvier)
weed shiner Notropis texanus (Girard)
white bass Morone chrysops (Rafinesque)
white catfish Ictalurus catus (Linnaeus)
yellow bullhead Ictalurus natalis (Lesueur)
yellow perch Perca flavescens (Mitchill)



FISHES—Continued
[Nomenclature follows Lee and others (1980) unless otherwise indicated]



Common names  Scientific names
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PLANTS
[Nomenclature for plants follows Godfrey (1988)]



Common names  Scientific names



cypress Taxodium distichum (L.) L.C. Rich.
green ash Fraxinus pennsylvanica Marsh.
overcup oak Quercus lyrata Walt.
sugarberry Celtis laevigata Nutt.
swamp laurel oak Quercus laurifolia Michx.
sweetgum Liquidambar styraciflua L.
tupelo Nyssa aquatica L. and Nyssa ogeche Bartr.



    ex Marsh
water hickory Carya aquatica (Michx. f.) Nutt.
water oak Quercus nigra L.
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Abstract 1



Aquatic Habitats in Relation to River Flow in the
Apalachicola River Floodplain, Florida
By Helen M. Light, Melanie R. Darst, and J.W. Grubbs



ncreasing demands for water
in the Apalachicola-



Chattahoochee-Flint River
Basin have resulted in conflicts
among water user groups, the
States of Georgia, Alabama, and
Florida, and various Federal
agencies, particularly during
periods of regional drought. A
study of aquatic habitats in the
floodplain in relation to river
flow was conducted in the non-
tidal reach of the Apalachicola
River in north Florida from
1992 to 1996. The study was
conducted by the U.S. Geological
Survey, in cooperation with the
Northwest Florida Water
Management District, as part of
a larger effort to identify fresh-
water needs throughout the
region and develop a mecha-
nism for basinwide water man-
agement. The primary results of
this report are quantitative esti-
mates of the amount of aquatic
habitat in the floodplain in rela-
tion to river flow. The report
also includes plates showing
streams, lakes, and floodplain
forests connected to the main
river channel at selected flows;
an analysis of long-term flow



I
Abstract record in the Apalachicola



River; a review of the literature
regarding fishes in floodplains
of the Apalachicola River and
other rivers of the eastern
United States; and examples
showing how this report can be
used to assess impacts of flow
alterations on aquatic habitats
and fishes. The study area con-
sists of about 82,200 acres of
floodplain that is predominantly
wetlands, according to the U.S.
Fish and Wildlife classification
system.



Very low flows in the
Apalachicola River, defined
as flows less than 6,000 cubic
feet per second (ft3/s) at Chatta-
hoochee, Florida, occurred in 15
of the 74 years of record from
1922 to 1995. At a river flow of
5,000 ft3/s, an estimated
260 acres of floodplain streams
and lakes is connected to the
main river channel. Most of
these areas have shallow waters
with no flow and are located in
the middle and nontidal lower
reaches of the river. These con-
nected aquatic habitats comprise
a very small percentage
(0.3 percent) of the entire flood-
plain at very low flows, yet they
serve as important refuges for



fishes from the deep, swiftly
flowing waters of the main
channel. In the upper reach of
the river, entrenchment that
occurred after construction of
Jim Woodruff Dam lowered
bed elevations and river levels.
Many perennial streams in the
upper reach that were accessible
to main channel fishes at low
and very low flows prior to
entrenchment are now inacces-
sible because of waterfalls or
very shallow water at their
mouths. About 4,000 acres of
isolated aquatic habitat, mostly
tupelo-cypress swamps with
standing water less than 3 feet
deep, is also present in the
floodplain at very low flows. A
review of the literature indicates
that many species of fishes
inhabit the quiet, shallow waters
typically found in isolated
swamps.



Low flows (6,000-
10,000 ft3/s at Chattahoochee,
Florida) occur in most years.
The median annual 1-day low
flow for the period of record is
8,490 ft3/s. About 740 acres of
aquatic habitat in the floodplain
is connected to the main channel
at a river flow of 8,000 ft3/s.
Most of these areas are tributary
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lakes, which are open bodies of
water having a linear conforma-
tion and little or no flow except
during floods. Large tributary
lakes in the middle and lower
reaches of the river, such as
Iamonia Lake and River Styx,
support diverse fish communi-
ties. In a previous study, 44 fish
species were collected by the
Florida Game and Fresh Water
Fish Commission in tributary
lakes during low flows.



Medium flows (10,000-
20,000 ft3/s at Chattahoochee,
Florida) occur every year. At the
median flow for the period of
record, which is 16,400 ft3/s,
approximately 8,300 acres
(10 percent of the floodplain) is
connected aquatic habitat. Most
of these areas are tupelo-cypress
swamps bordering streams and
lakes in the middle and nontidal
lower reaches that are inundated
by backwater from the main
channel. Flowing-water habitats
in more than 200 miles of
streams and lakes are also con-
nected to the main channel at the
median flow. The amount of
vegetative structure in connected
aquatic habitats is much greater
during medium flows than dur-
ing low flows, because water is
no longer contained in the beds
of floodplain streams, but is cov-
ering vegetation and woody
debris on streambanks and in
adjacent swamps. Vegetative
structure in aquatic habitats pro-
vides food sources, protective
cover, and reproductive sites for
fishes.



Medium-high flows
(20,000-50,000 ft3/s at Chatta-
hoochee, Florida) occur every



year. An estimated 40,700 acres,
which is approximately one-half
of the floodplain, is connected
aquatic habitat at 32,000 ft3/s.
Nearly all aquatic habitat in
tupelo-cypress swamps that is
isolated at lower flows is con-
nected to the main channel
between flows of 20,000 and
40,000 ft3/s. High flows (greater
than 50,000 ft3/s) occur in most
years. At the median annual
1-day high flow of 86,200 ft3/s,
about 78,000 acres (95 percent
of the floodplain) is connected
aquatic habitat. During high
flows, water is moving through
most of the floodplain in a gen-
eral downstream direction.
Many main channel fishes
migrate into flooded forests
where greatly increased food
sources and abundant vegetative
structure are available to them.
Eighty percent, or 73 of the 91
fish species known to inhabit the
Apalachicola River have been
collected in river floodplains of
the eastern United States and are
probably present in the Apalach-
icola River floodplain during
medium-high and high flows.



In evaluating the impacts
of flow alterations, it is impor-
tant to determine types and
extent of habitat affected,
address impacts on biotic com-
munities, and make compari-
sons of altered to historical
flows. In an example, effects on
habitat as a result of flow regu-
lation to create a navigation
window for barge traffic in the
fall of 1990 were examined. For
19 days during this period, there
was approximately 590 fewer
acres of connected aquatic



habitat than there would have
been if the navigation window
had not been implemented.
Effects of reduced aquatic
habitat on fishes include reduc-
tions in the amount of food,
protective cover, and spawning
sites. A hydrologic event with
flows similar to this period of
reduced flows occurred once
every 10 years on average
(1922-95) and probably would
not have occurred in 1990 if
navigation windows had not
been implemented.



n the coastal plain of the south-
eastern United States, large



rivers have extensive forested
floodplains that contain a diverse
assortment of aquatic and wetland
habitats (Wharton and others,
1982; Mitsch and Gosselink,
1986). Streams, sloughs, ponds,
lakes, and swamps in these flood-
plains are alternately connected
and disconnected from the main
river channel as river levels fluctu-
ate. Complex relationships exist
between biological communities in
floodplain habitats and river flow,
with floral and faunal distributions
varying spatially, seasonally, and
annually (Welcomme, 1979;
Bayley, 1995; Power and others,
1995). During low-flow periods,
shallow, quiet waters in the flood-
plain provide refuges for fishes
from the deep, swiftly flowing
waters of the main channel (Kwak,
1988; Baker and others, 1991;
Leitman and others, 1991). During
flood events, fishes use inundated
floodplain forests for food, protec-
tive cover, spawning sites and
nursery grounds (Guillory, 1979;
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Wharton and others, 1981, 1982;
Ross and Baker, 1983; Walker and
Sniffen, 1985; Finger and Stewart,
1987; Knight and others, 1991).



Increased demands for water
in the Apalachicola-Chattahoochee-
Flint (ACF) River Basin have
resulted in conflicts among water
user groups, the States of Georgia,
Alabama, and Florida, and various
Federal agencies, particularly
during periods of regional drought.
“As a result, widespread concern
has been expressed regarding the
need to properly manage the water
resources so that regional econo-
mies may continue to be supported
within the bounds of the environ-
mental conditions that exist within
the river systems” (Alabama,
Florida, Georgia, and the U.S.
Army Corps of Engineers, 1991,
p. 1). In the early 1990’s, Congress
funded a study to determine water
requirements in the ACF River
Basin (and an adjacent basin) and
to recommend an interstate mecha-
nism for resolving issues from a
regional perspective. As a part of
this study, the Northwest Florida
Water Management District
(NWFWMD) initiated a freshwater
needs assessment for the Apalachi-
cola River and Bay. Water require-
ments of the Apalachicola River
are addressed in this report, which
presents information on the area
and characteristics of aquatic
habitats in the floodplain in relation
to river flow. Results of this inves-
tigation can be used to evaluate
potential impacts of flow alter-
ations (such as increased upstream
water withdrawals or modified
water delivery schedules from
storage reservoirs) on floodplain
habitat.



Purpose and Scope



This report presents the final
results of an investigation relating
aquatic habitats in the floodplain to
flow in the Apalachicola River.
This report includes:



(1) Duration and frequency
statistics of the long-term flow
record of the Apalachicola River
based on monthly, annual, and mul-
tiple-year periods of analysis.



(2) A description of the
major types of streams, lakes, and
forests in the Apalachicola River
floodplain and the changes that
occur in those habitats with
changes in river flow.



(3) Estimates of the area of
aquatic habitat in the floodplain
that exist at specific Apalachicola
River flows ranging from very low
to very high. Estimates of area
include total areas of aquatic habi-
tat in the floodplain for each major
reach of the river and for the entire
study area, and areas of particular
types of aquatic habitats in the
floodplain having characteristics
that are important to fishes.



(4) A list of the species of
fishes collected in the Apalachicola
River floodplain, and a list of addi-
tional species that probably inhabit
the Apalachicola River floodplain,
based on a summary of the litera-
ture on floodplain fishes of the
eastern United States.



(5) Examples showing how
the results of this investigation can
be used to assess impacts of flow
alterations on aquatic habitat and
fishes in the Apalachicola River
floodplain.



The study area addressed in
this report is the floodplain of the
nontidal Apalachicola River from
the Georgia-Florida State line to
the upper limit of tidal influence
about 20 mi upstream of Apalachi-



cola Bay (fig. 1). The freshwater
tidal floodplain is not included in
the study area. Data collection was
conducted from 1992 to 1995 and
data analysis was completed in
1996. Two interim progress
reports describing preliminary
methods and results were published
during the data-collection period
(Light and others, 1993; Light and
others, 1995).
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Figure 1. Drainage basin of the
Apalachicola, Chattahoochee, and Flint
Rivers in Florida, Georgia, and Alabama.
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Background and
Terminology



The Apalachicola River is a
large alluvial river formed by the
confluence of the Chattahoochee
and Flint Rivers (fig. 1). The three
rivers drain 19,600 mi2 in Florida,
Georgia, and Alabama. The Chatta-
hoochee flows about 400 mi from
its source in north Georgia to Lake
Seminole at the Florida-Georgia
State line. The Flint River origi-
nates just south of Atlanta, Ga., and
flows about 350 mi before it joins
the Chattahoochee River. The
Apalachicola River is 106 mi long
and falls about 40 ft from the
Georgia-Florida State line to the
Apalachicola Bay in the Gulf of
Mexico. The Apalachicola River
downstream of Lake Seminole
drains 2,400 mi2, approximately
50 percent of which is drained by
its largest tributary, the Chipola
River.



The drainage basin of the
Apalachicola, Chattahoochee, and
Flint Rivers lies within three major
physiographic provinces of the
southeastern United States (Clark
and Zisa, 1976). Less than
1 percent of the basin in the north-
ernmost part contains mountains
and ridges of the Blue Ridge
Province. The remainder of the
upper basin north of Columbus,
Ga., lies in the rolling hills of the
Piedmont Province. The entire
lower basin south of Columbus,
Ga., is in the Coastal Plain Prov-
ince, which is hilly in the northern-
most part, karstic in the central
part, and contains low lying coastal
flats in the southernmost part
(Couch and others, 1996).



The Apalachicola River is
the largest river in Florida and
ranks 21st in magnitude of dis-
charge among the rivers of the
conterminous United States. Mean



annual flow at Chattahoochee, Fla.
(fig. 2) from 1922 to 1995 was
22,300 ft3/s. Peak floods are most
likely to occur in January, February,
March, or April of each year. Low
flow generally occurs in Septem-
ber, October, and November. Flood
patterns vary greatly from year to
year and may not conform to these
seasonal trends in any given year.
In this report, very low flows are
less than 6,000 ft3/s, low flows are
6,000 to 10,000 ft3/s, medium
flows are 10,000 to 20,000 ft3/s,
medium-high flows are 20,000 to
50,000 ft3/s, and high flows are
greater than 50,000 ft3/s. All flow
values refer to flow in the Apalach-
icola River at the USGS gage at
Chattahoochee, Fla., unless other-
wise indicated.



There are 16 dams on the
Apalachicola, Chattahoochee,
and Flint Rivers. The most down-
stream dam, Jim Woodruff Dam,
impounds Lake Seminole at the
head of the Apalachicola River
where the Chattahoochee and Flint
Rivers join. Construction began on
Jim Woodruff Dam in 1950, and
filling of the reservoir was accom-
plished from 1954 to 1957. Con-
gressional authorization for
navigational improvements was
approved in 1874 and dredging was
sporadically conducted from 1874
to 1956. Dredging to construct the
modern 9- by 100-ft navigation
channel began in 1956, with main-
tenance dredging since that time
usually conducted on an annual
basis. Rock removal in the upper
reach of the river was conducted in
1957, 1963, 1968, and 1983-84.
Twenty-nine sets of groins made of
wooden pilings or stone were
installed from 1963 to 1970, most
of which are in the upper reach of
the river. Six cutoffs, which were
made from 1956 to 1969 to



improve navigation by straighten-
ing bends in the lower reach of the
river, have shortened the total
length of the river by approxi-
mately 2 mi (U.S. Army Corps of
Engineers, 1986). Entrenchment
is riverbed degradation that has
lowered the elevation of the river-
bed in the upper reach of the
Apalachicola River since the
construction of Jim Woodruff Dam.
In an analysis of the effects of a
variety of navigational improve-
ments on riverbed elevation, it was
concluded that entrenchment
“appears to be directly related to
the presence of the dam” (Simons,
Li, and Associates, 1985, p. 100).
Dredging, groins, cutoffs, and rock
removal appear to have primarily
local effects on bed degradation
that are not associated with the
overall trend of entrenchment. The
USACE implements navigation
windows by regulating flows in the
Apalachicola River to improve
navigation during periods when
channel depths are insufficient to
allow barge traffic. Immediately
prior to each navigation window,
water is stored in upstream reser-
voirs for 2 to 3 weeks during a
prewindow period. Flows are
increased rapidly during a short
transition period of 1 or 2 days,
and then water is released in a
window period of 10 days to
2 weeks to raise water levels for
barge navigation on the river.



Aquatic habitats of the main
channel of the Apalachicola River
have been surveyed by the
FGFWFC. Sandbars are relatively
unproductive with regard to fishes
and invertebrates, whereas habitats
such as dike fields, gently sloping
natural banks, and steep natural
banks with snags and other sub-
merged structures are significantly
more productive (Ager and others,
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Figure 2. Major reaches of the Apalachicola
River and location of intensive study areas.
Reach boundaries are based on
physiographic and geomorphic differences
described by Leitman (1984).



1986). In this report, the term main
channel is reserved for the main
channel of the Apalachicola River
unless otherwise indicated.



The Apalachicola River has
the largest forested floodplain in
Florida. It is 71 mi long, ranges
from 1 to 5 mi wide, and covers
approximately 112,000 acres
(175 mi2) of freshwater tidal and
nontidal floodplain. In this report,
the term floodplain refers to the
nontidal floodplain only and does
not include open water in the main
channels of the Apalachicola and
Chipola Rivers. A floodplain area
of 82,200 acres is used in calcula-
tions in this report; this acreage
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represents approximately
92 percent of the total area that is
shown within the nontidal flood-
plain boundary as mapped by
Leitman (1984). The remaining
8 percent of floodplain in nontidal
reaches consists of land areas
within the floodplain boundary that
are higher than most annual floods
or have been converted to nonfor-
ested uses. Floodplains as defined
in this report are predominantly
wetlands according to the wetland
classification system of the
USFWS (Cowardin and others,
1979; Reed, 1988). However, the
percentage of this area that would
be classified as jurisdictional wet-
lands meeting criteria in State and
Federal wetland regulations is not
known. Most of the floodplain
would be classified by the USFWS
as wetlands in the palustrine sys-
tem, but the floodplain also
includes some areas classified as
both wetlands and deepwater habi-
tats in the riverine and lacustrine
system (Cowardin and others,
1979; Brinson and others, 1981).



About 60 species of trees
occur in the bottomland forest of the
Apalachicola River floodplain
(Leitman and others, 1983). Mixed
bottomland hardwoods are domi-
nated by water hickory, sweetgum,
overcup oak, green ash, and
sugarberry, and grow in the areas of
higher elevation in the floodplain
(levees, ridges, and flats). Tupelo-
cypress swamps, also called
swamps in this report, grow in
depressions and areas of lower
elevation. Some of these swamps
are covered with standing water
year-round; others are inundated
much of the year but lack standing
water during the driest months of
September, October, and November.



Alluvial rivers contain a
variety of aquatic habitats that
occur outside the main channel of
the river but within the floodplain.
In this report, any part of the flood-
plain is considered to be aquatic
habitat when it is inundated; thus,
the amount of aquatic habitat in the
floodplain is very low during
droughts and very high during
floods. Connected aquatic habitat
is inundated and connected to the
main channel with a 2-way connec-
tion. In a 2-way connection, a
level or near-level water passage-
way exists between a floodplain
water body and the main channel,
allowing fish passage in both direc-
tions. One-way connections are
waterfalls or very shallow water
dropping into the main channel at
the mouths of streams. One-way
connections block access for main
channel fishes to enter streams, but
allow stream fishes to enter the
main channel. Isolated aquatic
habitat has no water passageways
connecting it to the main channel.
During the dry season, many
isolated aquatic habitats hold water
at levels that are higher than stages
in the main channel. A sill, or
controlling sill, is that part of a
streambed that determines the
elevation of the water connection
between the upstream and down-
stream parts of a stream, or
between a stream and the main
channel. Still-water habitat is any
aquatic habitat with nonflowing
water.



A floodplain stream is any
conduit of periodically or continu-
ously moving water in the flood-
plain that is of sufficient size and
development to have a recogniz-
able channel with bed and banks.
Perennial streams flow continu-
ously and intermittent streams
flow only during part of the year.



When intermittent streams are not
flowing, their streambeds may be
filled with water, may be partially
exposed with isolated pools
remaining in parts of the bed, or
may completely lack any surface
water. Loop streams (which can
be perennial or intermittent) are fed
by flow diverted from the main
channel that flows for a few miles
through the floodplain and then
back into the river farther down-
stream. A floodplain lake is an
open body of water that is not
flowing except during floods when
river water is moving through the
floodplain in a general downstream
direction. Tributary lakes are
open bodies of water in the flood-
plain that have characteristics of
both streams and lakes. They
usually have little or no flow
during very low, low, and medium
river flows. Most tributary lakes
are connected to the main channel
during low river flows. The linear
conformations of tributary lakes
suggest that they may be aban-
doned main channel courses of the
Apalachicola River. One of the
larger examples of a tributary lake
is Iamonia Lake (cover of this
report; fig. 2) which is approxi-
mately 5 mi in length and is nearly
as wide and deep as the main river
channel in some places. Tributary
lake systems often have connector
streams that divert flow from the
main channel into the tributary
lake. Tributary lakes and many
other streams and lakes are affected
at times by backwater, which
means that either river water has
moved into the stream or lake from
the main channel, or flowing water
in the stream or lake is retarded in
its course by water in the main
channel.
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he primary results of the study
are quantitative estimates of



the amount of aquatic habitat in the
floodplain in relation to the full
range of river flows. These
estimates can be used by water
managers to determine changes in
habitat that may result from flow
alterations. Flow reductions during
droughts are of particular concern;
they can decrease availability of
aquatic habitat in the floodplain at
a time when the amount of habitat
is already at a minimum. During
low and very low flows, aquatic
habitats in the floodplain that are
most affected by changes in river
flows are streams and lakes. Most
forested areas are not inundated
except during higher flows. In an
effort to address concerns about
impacts during droughts, field data
collection in this investigation was
designed to focus on streams and
lakes.



Estimates of the amount of
aquatic habitat in relation to flow
were made for every stream and
lake that is connected to the main
channel of the Apalachicola River
during very low, low, and medium
flows. The areal extent of aquatic
habitat in floodplain forests was also
quantified in this investigation, but
with less specific methods than
those used for streams and lakes.
Representative floodplain forest
data were generalized for each
major reach of the river, rather than
calculated with site specific esti-
mates. Most of the floodplain forest
data used in this report were col-
lected in previous studies (Leitman,
1978, 1984; Leitman and others,
1983; Mattraw and Elder, 1984;
Light and Darst, 1997).



METHODS OF STUDY



T



Intensive Study Areas and
General Survey Sites



Data collection in this study
focused on floodplain streams and
lakes that were connected to the
main channel of the Apalachicola
River at low and medium flows.
Measurements and observations
were made at intensive sites many
times throughout the study period,
but usually only once at general
survey sites.



Four intensive study areas
were selected to represent major
types of floodplain streams in the
upper, middle, and nontidal lower
reaches of the river (fig. 2). In the
floodplain of the upper reach,
which extends from river mile 77.4
to 106.3, there are many perennial
and intermittent streams that
receive water from upland
streams. Intensive study areas were
selected in the upper reach at Flat
Creek to represent perennial
streams and at Johnson Creek to
represent intermittent streams. Flat
Creek has a drainage area of 52 mi2



(Foose, 1981) most of which lies
east of the floodplain of the
Apalachicola River. For its most
downstream 2 mi, Flat Creek flows
through the river floodplain and
joins the Apalachicola River at
river mile 99.6. Johnson Creek
receives intermittent drainage
from upland streams west of the
Apalachicola River floodplain. For
its most downstream 1.5 mi,
Johnson Creek lies in the river
floodplain, joining with the inter-
mittent drainage of another smaller
unnamed stream before it joins the
Apalachicola River at river
mile 94.0.



Large tributary lakes
affected by backwater from the
Apalachicola River are the most
prominent hydrologic features in
the floodplain of the middle reach



(river mile 42 to 77.4) and lower
reach (river mile 20.6 to 42). Iamo-
nia Lake (mouth at river mile 55.8)
and its associated tributaries were
selected as an intensive study area
to represent tributary lake systems
in the middle reach. River Styx
(mouth at river mile 35.3) and its
associated tributaries were
selected as an intensive study area
to represent tributary lake systems
in the nontidal lower reach. During
low river flows, both Iamonia Lake
and River Styx receive little water
from upland drainage (probably
less than 1 ft3/s).



Approximately 300 general
survey sites were located at the
mouths of most floodplain streams
that met at least one of the follow-
ing criteria: (1) streams were
shown on USGS 7.5-minute quad-
rangle maps; (2) streams were
apparent on 1:65,000 scale color
infrared aerial photographs taken
November 1979 by National
Oceanic and Atmospheric Admin-
istration; or (3) streams were
observed in the field to have
streambed elevations low enough
to be connected to the main river
channel during very low, low, or
medium flows. Most general
survey sites were located at mouths
of streams tributary to the Apalach-
icola River; however, some sites
were located at mouths of streams
tributary to the lower Chipola
River and a few of the large tribu-
tary lakes, such as Florida River
and Kennedy Creek (fig. 2).



Hydrologic Data Collection
and Analysis



Hydrologic data for the study
were obtained from four long-term
surface-water gaging stations
located on the Apalachicola River
(fig. 2) at Chattahoochee (station
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number 02358000), near Blount-
stown (station number 02358700),
near Wewahitchka (station number
02358754), and near Sumatra
(station number 02359170). At
the Chattahoochee gage, nearly-
continuous daily stage data were
collected by the National Weather
Service (NWS) from October 1921
until September 1928, and daily
stage and flow data have been
collected by the USGS from
October 1928 to the present (1995).
A regression relation between daily
stages measured at the Blount-
stown gage and 1-day lagged daily
stages at the Chattahoochee gage
was used to estimate stages at the
Chattahoochee gage for missing
NWS stage data prior to 1929.
Daily discharge data were esti-
mated for the period 1922-28
using the NWS stage data and a
composite pre-entrenchment stage-
discharge rating for Chattahoochee
based on 190 discharge measure-
ments made from 1929 to 1951
(Light and others, 1993). Daily
stage data for the Apalachicola
River near Blountstown were
collected by the NWS from 1920 to
1957 and by the USACE (Mobile
District) from 1957 to the present.
Missing data at the Blountstown
gage were estimated using the
Chattahoochee-Blountstown
regression relation. Daily stage
data for the Apalachicola River
near Wewahitchka were collected
by the USACE from October 1955
to September 1957 and October
1965 to the present. Daily stage
and flow data for the Apalachicola
River near Sumatra were collected
by the USGS from September 1977
to the present. Flows below
15,000 ft3/s at the Sumatra gage
(river mile 20.6) are generally
affected by tides. Tidal fluctuation
is approximately 0.5 ft at very low



flows. Tidal effects do not occur at
river mile 36 or at the Wewa-
hitchka gage (river mile 42). In this
report, the lower reach of the study
area was considered to be nontidal
because tidal effects are minor at
the downstream end of the reach
and absent in the upper part of the
reach.



Records at the Chatta-
hoochee gage were selected for
analysis of long-term flow because
of the location of the gage at the
head of the Apalachicola River, the
long period of record available
(1922-95), and the continuity of the
data. A variety of monthly, annual,
and multiple-year duration tables
of daily mean flows for the period
of record were generated. Nonex-
ceedance durations (durations that
flows were below given flow
values) were calculated for flows of
4,000 to 16,000 ft3/s. Exceedance
durations (durations that flows
were above given flow values)
were calculated for flows of 16,000
to 200,000 ft3/s. Annual and multi-
ple-year durations calculated for
flows of 4,000 to 16,000 ft3/s were
based on climatic years from
April 1 to March 31 to avoid split-
ting low flow periods that typically
occur in summer and fall. Annual
durations calculated for flows of
16,000 to 200,000 ft3/s were based
on water years from October 1 to
September 30 to avoid splitting
high flow periods that typically
occur in winter and spring. Annual
nonexceedance durations for flows
of 4,000 to 16,000 ft3/s were calcu-
lated two ways: (1) greatest num-
ber of consecutive days per year,
and (2) total number of days per
year that flows were below given
flow values. All remaining dura-
tions were calculated based on total
number of days per year (which are
not necessarily consecutive).



Statistical analyses of duration
tables were conducted to generate
frequency information (medians
and percentiles).



Stage-discharge ratings
reflecting channel conditions prior
to entrenchment and present
(entrenched) channel conditions
were developed at both the
Chattahoochee and Blountstown
gages. The composite pre-
entrenchment stage-discharge
rating for 1929-51 (described
previously) was used at Chatta-
hoochee. The pre-entrenchment
stage-discharge rating for Blount-
stown was based on pre-entrench-
ment stage at Blountstown from
1929 to 1951 in relation to 1-day
lagged flow at Chattahoochee.
For present conditions at Chatta-
hoochee, the 1995 stage-discharge
rating was used. For present condi-
tions at Blountstown, unit values
at Blountstown were plotted in
relation to flow at Chattahoochee
using a variety of lag times. The
plot with the least amount of
scatter (17 hours) was selected
and a rating representing average
conditions was developed from a
hand-fitted line drawn through the
points on the plot.



Water-level measurements
at intensive study areas were made
periodically at a total of 56 refer-
ence point (RP) locations: 23 in the
upper reach (8 on Flat Creek, 3 on
the main channel near Flat Creek, 2
in an isolated swamp near Flat
Creek, and 10 on Johnson Creek),
14 in the middle reach (10 on
Iamonia Lake and associated tribu-
taries, 3 on the main channel near
Iamonia Lake, and 1 on a pond
near Iamonia Lake), 19 in the non-
tidal lower reach (14 on River Styx
and associated tributaries, 4 on the
main channel near River Styx, and
1 in an isolated swamp near River
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Styx). RP locations are identified
on maps of the intensive study
areas in a previous report (Light
and others, 1995, figs. 2-5). Nails
in trees were used as the fixed
point from which water levels were
measured with a tape and weight.
A total of 471 water-level measure-
ments were made at RP locations
from June 1993 to September
1994. Most of the RP measure-
ments were made during very low,
low, or medium flows; however, a
few measurements were made at
higher flows to establish an
approximate elevation relative to
sea level for each RP. Visual obser-
vations of the movement of float-
ing debris were used to estimate
velocity (to nearest 0.2 ft/s) at
floodplain RPs at the same time
that most water-level measure-
ments were taken.



Daily or hourly stage and
flow data and stage-discharge rat-
ings at all four long-term gages and
an additional gage at river mile 36
(station number 023587547,
approximately 8 mi downstream of
the Wewahitchka gage) were used
in conjunction with water-level
measurements at the RP locations
to determine relations between
flow at the Chattahoochee gage and
stage at intensive study areas. For
streams and lakes at the general
survey sites, stage-discharge rat-
ings relating stage at representative
locations in each major reach of the
river to flow at Chattahoochee were
developed by interpolation
between gages. The representative
rating for the upper reach was
selected at river mile 94.1 (mouth
of Johnson Creek) and for the mid-
dle reach at river mile 58.7 (near
Iamonia Lake). Two ratings were
chosen for the nontidal lower
reach, one at river mile 35.2
(mouth of River Styx) for the



upstream half of the lower reach,
and one at river mile 26.0 (mouth
of Kennedy Creek) for the down-
stream half of the lower reach. A
representative rating for pre-
entrenchment conditions in the
upper reach at river mile 94.1
(mouth of Johnson Creek) was
developed by interpolation
between pre-entrenchment ratings
at the Chattahoochee and Blount-
stown gages. Previously published
ratings (Leitman and others, 1983,
fig. 16) were used for some of the
floodplain forest data in the upper
reach. Ratings were developed by
interpolation between gages for all
other forest data.



The flow at Chattahoochee at
which each floodplain stream and
lake was connected to the main
channel was estimated from field
observations by the following
method. A single field visit was
made to each of the 300 general
survey sites to determine the differ-
ence between the water level of the
Apalachicola River and the eleva-
tion of the streambed (or control-
ling sill if present). An elevation
for the river level at each observa-
tion site was determined by
calculating lagged flow at
Chattahoochee at the time of the
observation. This flow was
converted to stage using the repre-
sentative rating for the appropriate
reach of the river. For streams
connected to the river at the time of
the observation, depths were deter-
mined by poling with a graduated
rod in shallower areas and with a
depth sounder in deeper areas. For
streams not connected at the time
of observation, visual estimates of
the elevation (to nearest 0.5 ft) of
the streambed or controlling sill
above the river level were made at
most sites. A hand level and gradu-
ated rod were used when the sill



was too far from the river to esti-
mate visually. An example of a
general survey site, at which the
connecting flow was determined by
adding the elevation of the stre-
ambed to the connecting stage, is
shown in figure 3.



Field observations at most
general survey sites were used in
conjunction with lagged discharge
at the Chattahoochee gage at the
time of the field visit to determine
Chattahoochee flows at which
streams were connected to the main
channel. A variation of this method
was required in the downstream
half of the nontidal lower reach
because of variability introduced
by the greater distance from
Chattahoochee and the input
from the Chipola River. Relations
between flow at Chattahoochee and
stage at the Sumatra gage were
determined for average conditions
by drawing a hand-fitted line
through a scatter plot of Sumatra
daily mean stages for the period
of record in relation to lagged
Chattahoochee flow. Stages at the
Sumatra gage at the time of field
observations in the downstream
half of the nontidal lower reach
were converted to average
Chattahoochee flows using this
rating. All field observations for
this part of the lower reach were
made during periods when stages at
the Sumatra gage were not showing
tidal fluctuations.



Characterization of
Floodplain Habitats



Characterization data of
floodplain habitats included widths
and lengths (or areas) of floodplain
features, land surface elevations,
general soil type, and amount of
live or dead vegetative structure.
Methods used to characterize
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streams and lakes were different
than those used to characterize
forests.



Floodplain streams and
lakes.--Characterization data were
collected at 27 cross-section
locations in the intensive study areas.
Cross-section locations were selected
to represent the most common types
of floodplain streams (based on
stream width and general forest type
bordering the stream) in each major
reach of the river, as determined
from color infrared aerial photo-
graphs and USGS quadrangle maps.
Of the 27 cross sections, there were 6
in the upper reach (3 on Flat Creek
and 3 on Johnson Creek), 9 in the
middle reach (3 on Iamonia Lake and
6 on tributaries of Iamonia Lake),
and 12 in the nontidal lower reach (6
on River Styx and 6 on tributaries of
River Styx). Cross-section locations
are identified on maps of the inten-
sive study areas in a previous report
(Light and others, 1995, figs. 2-5).



Most of the cross sections
established on floodplain streams
were perpendicular to the channel,
with end points at recognizable top-
of-bank elevations on either side of
the channel (fig. 4). In some cases
where streambanks were very low,
cross sections included several hun-
dred feet of low forest adjacent to
the stream. Surveyed cross sections
ranged in length from 50 to 1,300 ft.
Length of all 27 cross sections
totaled approximately 7,000 ft.



At the time of the survey,
cross sections were divided into
segments based on breaks in slope,
or relatively homogeneous soil
type or vegetative structure (fig. 4).
The horizontal length of each
segment was measured with a
fiberglass measuring tape. Vertical
elevation in relation to the water
level was determined at the end-
points of each segment with a



Figure 3. Example of general survey site with floodplain stream disconnected
from the Apalachicola River at the time of observation. This unnamed stream
at river mile 59.7 in the middle reach of the river had a streambed
approximately 3.5 feet above the water level of the river when lagged flow was
9,600 cubic feet per second at the Chattahoochee gage. Using a stage-
discharge rating representative of the middle reach of the river, the flow at the
Chattahoochee gage at which this stream would be connected to the main
channel was determined to be about 16,000 cubic feet per second.
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tripod-mounted level and gradu-
ated rod. Elevations of the two end-
points of each segment were
averaged to determine the segment
elevation that was used in data
analysis. General soil type in each
segment was classified as silt/clay,
sandy, or organic. The amount of
vegetative structure was visually
estimated for each segment from
the percent of the segment length
that intersected live vegetation,
woody debris, or other vegetative
matter within 3 ft of the ground.
Vegetative structure was recorded
in the following categories: less
than 15 percent, 15 to 35 percent,
35 to 65 percent, 65 to 85 percent,
and greater than 85 percent.



Observations at other loca-
tions in intensive study areas and at
most general survey sites included
visual estimates (to nearest 1 ft) of



Figure 4. Example of cross section divided into segments based on breaks in
slope and relatively homogeneous vegetative structure.  Soil type is silt-clay in
all segments of the cross section.  The estimated stages shown for the cross
section were based on long-term flow statistics at the Chattahoochee gage
(1922-95) and were determined by interpolation between gages. An
adjustment was made to the estimated stage for the median annual 1-day low
flow to reflect the lowest observed water level at the cross section. The cross
section is located 1,450 feet upstream of mouth of Johnson Creek in the upper
reach of the Apalachicola River.
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the width of the streambed (seg-
ment numbers 7-10 in fig. 4), width
of the remaining channel to top of
banks (segment numbers 1-6 and
11-15 in fig. 4), heights of banks,
and presence or absence of water in
the streambed.



Widths of the larger streams,
lengths of all streams, and surface
areas of all lakes were determined
using map coverages and digital
image data in GIS files. Other types
of information such as drainage
basin configuration and extent, and
adjacent forest types were obtained
from GIS files when needed to
characterize parts of streams that
were not observed in the field. GIS
files contained digital image data
consisting of 1979 color infrared
aerial photography scanned at a
resolution having a pixel size of
5.9 ft on the ground, and map



coverages consisting of USGS
7.5-minute quadrangle maps and a
forest map of the Apalachicola
River floodplain (Leitman, 1984).



Floodplain forests.--Most
of the floodplain forest data used in
this report were collected during a
USGS study from 1979 to 1982
known as the Apalachicola River
Quality Assessment (ARQA).
Results of this previous study
included land surface elevations
and forest types at 223 sample
points located on 7 line transects
crossing the Apalachicola River
floodplain (Leitman and others,
1983, fig. 34) and a map showing
areal extent of forest types
(Leitman, 1984). Major floodplain
forest types in these reports were
mixed bottomland hardwoods and
tupelo-cypress. Other sources of
forest data used to supplement the
ARQA data were land surface
elevations, general soil type, vege-
tative structure, and forest types on
the forested parts of 5 of the
27 cross sections at the intensive
study areas (in the present study);
land surface elevations, vegetative
structure, and forest type on
21 circular plots located at the
intensive study areas (Light and
Darst, 1997); and land surface
elevations, soil type, and forest
types at 2 belt transects located
near the Blountstown and
Wewahitchka gages (Leitman,
1978).



Land surface elevations, soil
type, and vegetative structure for
each forest type in each major reach
of the river were summarized from
the various sources of data listed
above. Estimates of soil type by for-
est type were made using soils data
reported by Leitman (1978), sedi-
ment grain size data for ARQA sites
(Mattraw and Elder, 1984, p. 61),
and general soil type observations
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collected on the forested parts of the
cross sections at the intensive study
areas (in the present study). Esti-
mates of percent cover of vegetative
structure by forest type were made
using structure data collected on the
forested parts of the cross sections
at the intensive study areas and at
forest plots described by Light and
Darst (1997).



Figure 5. Flowchart for determining amount of aquatic habitat in floodplain streams, lakes, and forests in relation to
flows in the Apalachicola River.  (ARQA, Apalachicola River Quality Assessment; GIS, Geographic Information System)
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The previously published
map of forest types (Leitman,
1984) was digitized for use in GIS.
Minor corrections to polygon
boundaries were made to adapt the
map to the more detailed scale used
in GIS coverages in this study.
Areas of each forest type in each
reach were computed from the new
GIS version of the map.



Computations of Amount
of Aquatic Habitat in
Relation to River Flow



Final products of this investi-
gation consisted of amounts of
aquatic habitat in relation to river
flow presented in a variety of for-
mats (fig. 5). These products were
generated by combining habitat
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characterization with hydrologic
data.



Final results are expressed in
relation to river flow rather than
stage, although stage is more
directly related to hydrologic con-
ditions in floodplain habitats than
flow. River stages decline as the
river flows downstream from the
upper to lower end of the study
area, and range in stage decreases
as the floodplain gets wider and
flatter near the coast. Thus, rela-
tions of floodplain habitats to river
stage cannot be easily compared
between sites on the river and can-
not be summarized by reach or for
the entire river. Flow, on the other
hand, is relatively consistent
throughout much of the river and
flow relationships can be estab-
lished between reaches. Addition-
ally, expressing results in terms of
flow at the head of the river makes
the results directly usable for water
managers in determining releases
from Jim Woodruff Dam and other
upstream reservoirs. In this report,
elevations of floodplain habitats
were initially related to stage and
then stage was converted to flow to
allow comparisons and summaries
of data from different sites.



Area of aquatic habitat was
calculated for 36 discrete flow val-
ues which were selected to provide
greater detail at very low, low, and
medium flows, and lesser detail at
higher flows. Flow values used in
this analysis were set at intervals of
1,000 ft3/s, from 2,000 to
23,000 ft3/s. Intervals gradually
increased with increasing flows;
remaining flow values were set at
25,000, 27,000, 29,000, 31,000,
33,000, 35,000, 40,000, 45,000,
55,000, 65,000, 75,000, 100,000,
140,000, and 200,000 ft3/s. This set
of flow values represents the full
range of flows in the Apalachicola



River from extreme low to extreme
high. The lowest daily mean flow
at the Chattahoochee gage in
the 74-year period of record was
3,900 ft3/s (Nov. 15-16, 1987)
and the lowest instantaneous flow
was 2,570 ft3/s (Aug. 6, 1986).
Extremely low flows of 2,000 ft3/s
are included to provide habitat data
in the event that a decreasing trend
in flows occurs in the future.



Three variables were chosen
to characterize hydrologic condi-
tions in aquatic habitats in relation
to river flow because of their
importance to fish and aquatic
invertebrate populations: depth,
connection depth, water velocity,
general soil type, and vegetative
structure. Depth indicates average
water depth of the habitat, whereas
connection depth is the depth of the
water at the shallowest control
point along the connecting pas-
sageway from the habitat to the
main river channel. For many habi-
tats, depth and connection depth
have the same value, but in isolated
pools and ponds at low flows,
depths are sometimes 1 to 3 ft
when connection depth is zero.
Depths and connection depths were
grouped into five categories for
analysis: 0.01 to 0.49, 0.50 to 0.99,
1.00 to 2.99, 3 to 6, and greater
than 6 ft. Two additional categories
were used for connection depth:
1-way connection (preventing
access for fishes from river to
floodplain) and no connection.
There were three categories for
water velocity: 0, 0.1 to 0.5, and
greater than 0.5 ft/s.



Floodplain streams and
lakes.--All floodplain streams and
lakes connected to the main chan-
nel at very low, low, and medium
flows were divided into reaches
that were relatively homogeneous
with regard to channel width and



thalweg depth. One of the cross
sections from an intensive study
area in the same major reach of the
river was selected and modified to
represent each homogeneous
stream reach. Modifications
included changes in elevation,
channel width, thalweg depth, bank
heights, soil type, or vegetative
structure. Most floodplain lakes
were linear in shape, allowing
cross sections from large streams to
be used, with modifications, to
represent lakes. Dimensions and
characteristics for many reaches
were determined by field observa-
tions. For each stream reach that
was not observed in the field, a
known reach that appeared similar
to the unknown reach on aerial
photos and maps was identified,
and a cross section from the known
reach was applied.



Using the representative
ratings for each major reach of the
river, and the flow at Chattahoochee
at which each floodplain stream and
lake was connected to the main
channel (described in the section
entitled “Hydrologic data collection
and analysis”), cross-section eleva-
tions were related to flow at Chatta-
hoochee. When river flows
exceeded the connecting flow for a
stream or lake, depths were calcu-
lated for each individual segment of
the cross section by comparing the
segment elevation to stages in the
representative rating. Similarly, con-
nection depths were calculated for
cross-section segments by compar-
ing the controlling sill elevation to
stages in the rating. When river
flows were below the connecting
flow, all cross-section segments
were disconnected from the main
river channel. For each cross
section, the area and depth of iso-
lated pools (if any) when the stream
or lake was disconnected was
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estimated based on observations of
that stream reach or similar reaches.
Velocities were estimated for each
stream reach and for each flow
value based on field observations of
that stream reach or similar reaches.



For each segment of the
cross section, the segment width
was multiplied by the length of the
stream reach to determine the area
in acres. All area data were sum-
marized for each major reach of the
river, and the resulting data file
contained the area in acres of many
different aquatic stream and lake
habitats, each with a unique combi-
nation of characteristics (soil type,
vegetative structure, depth, connec-
tion depth, and velocity) at each of
the 36 flow values.



Floodplain forests.--Each
forest transect had a stage-
discharge rating relating stage at
the transect with flow at Chatta-
hoochee. Transects were divided
into segments based on elevations
that corresponded to stages in the
rating for each of the 36 flow inter-
vals. The flow at which each seg-
ment of the transect was inundated
and connected to the main channel
was determined using the appropri-
ate rating. When river flows
exceeded the connecting flow for a
transect segment, depths were
calculated for the segment by com-
paring the segment elevations to
stages in the rating. When river
levels were below the connecting
flow, the segment was considered
to be nonaquatic, unless the
transect had been observed (either
in this study or in previous studies)
to have isolated pools of standing
water during the dry season.



Water velocities were esti-
mated for each forest type and for
each flow value based on field
observations of velocities in that
forest type in this or previous stud-
ies. Estimates of soil type and veg-
etative cover were determined for



each forest type using methods
described previously.



For each major reach of the
river, lengths of inundated transect
segments of each forest type in
each elevation category were sum-
marized and then converted to the
percentage of the total transect
length in that forest type. Percent-
ages were then multiplied by the
total area of each forest type in
each major reach of the river. The
resulting data file contained the
area, in acres, of many different
aquatic forest habitats, each with a
unique combination of characteris-
tics (soil type, vegetative structure,
depth, connection depth, and veloc-
ity) at each of the 36 flow values.



Analysis of combined data
for streams, lakes, and forests.--
Areal data for streams and lakes
were merged with areal data for
forests for each major reach of the
river and for the nontidal river as a
whole. Analyses of the data were
conducted to generate final prod-
ucts in three different formats
(fig. 5): (1) a list of lengths and
locations of individual streams and
lakes connected at very low, low,
and medium flows; (2) flow-area
curves showing the area of aquatic
habitat in relation to the full range
of flows at Chattahoochee for a
variety of habitat characteristics;
and (3) maps generated from GIS
coverages for each major reach of
the river showing streams, lakes,
and forests connected to the main
river channel at selected low,
medium, and medium-high flows.



ydrologic conditions are a pri-
mary factor in the creation



and maintenance of river flood-



FLOW AND STAGE
CHARACTERISTICS OF
THE APALACHICOLA
RIVER, 1922-95



H



plains. River flow builds floodplain
features such as levees and ridges
by depositing sediments during a
flood. Floodplain streams and lakes
are created from old river channels
when the river changes course.
River flow erodes the banks and
beds of floodplain streams when
velocities are high enough to scour
sediments and carry them down-
stream. Changes in river stage
alternately connect and disconnect
floodplain water bodies, changing
the conditions for fishes and
aquatic invertebrates, as well as for
vegetation and other biota. In this
section of the report, duration and
frequency statistics of the long-
term flow record of the Apalachi-
cola River based on monthly,
annual, and multiple-year periods
of analysis are presented. This
information is important in assess-
ing impacts of flow alterations
because it can be used to make
comparisons between altered flows
and historical flows. This section
ends with a discussion of altered
stages that have occurred as a result
of entrenchment in the upper river.



All statistical analyses were
based on daily mean flows of the
74-year period of record at
Chattahoochee, Fla., from 1922 to
1995. Previous hydrologic analyses
conducted on flow records through
the year 1980 compared flows
before and after construction of Jim
Woodruff Dam, and concluded that
climatic fluctuations were prima-
rily responsible for higher flows
after construction of the dam
(Maristany, 1981; Leitman and oth-
ers, 1983). The river experienced
periods of severe drought immedi-
ately following those analyses;
annual low flows in 1981, 1986,
1987, and 1988 were lower than in
all previous years for the period of
record. This raises the possibility
that flows are exhibiting a slightly
decreasing trend over time;
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74-year period of record the
median flow of the Apalachicola
River at Chattahoochee was
approximately 16,400 ft3/s, with a
typical annual range of flows from
8,490 to 86,200 ft3/s (table 1). The
lowest daily mean flow in the
period of record was 3,900 ft3/s in
November 1987, and the highest
was 291,000 ft3/s in March 1929.



Very Low to Medium Flows



The greatest number of
consecutive days and total number
of days per year that flows were
below given flow values (annual
nonexceedance durations) of 4,000
to 16,000 ft3/s for the period
1922-95 are presented in table 2.
The durations that occurred under
normal or typical conditions are
represented by the median dura-
tions. Durations in drier years are
represented by the 10th- and 25th-
percentile durations, and in wetter
years by the 75th- and 90th-percen-
tile duration. The greatest number
of consecutive days and total num-
ber of days in each individual year
from 1922 to 1995 are presented in
appendix IA and IB, respectively.



In a typical year, daily mean
flows less than 8,000 ft3/s did not
occur in the Apalachicola River at



Table 1. Basic flow characteristics of Apalachicola River at Chattahoochee, Florida, 1922-95
[Median annual 1-day low flow is based on annual periods using climatic years of April 1–March 31 to avoid splitting low flow periods that typically occur
in summer and fall. Median annual 1-day high flow is based on annual periods using water years of October 1–September 30 to avoid splitting high flow
periods that typically occur in winter and spring]



Flow descriptor Flow value, in cubic feet per second
(with dates of lowest and highest flows)



Flow records used in analysis



Number of
years Period analyzed



Lowest 1-day flow 3,900 (November 15-16, 1987) 74.5 October 1921–March 1996



Median annual 1-day low flow 8,490 74 April 1922–March 1996



Median flow 16,400 74.5 October 1921–March 1996



Median annual 1-day high flow 86,200 74 October 1921–September 1995



Highest 1-day flow 291,000 (March 20, 1929) 74.5 October 1921–March 1996



however, low flows during the
1950’s drought were of longer
duration than in the 1980’s. Com-
parisons of the two drought periods
will be discussed later in this sec-
tion. Trend analysis with an exami-
nation of associated climatic
differences is needed to determine
if a trend exists. In the absence of a
documented trend, the entire period
of record was preferred for analysis
of flow characteristics.



Because of both the possible
trend in the record and the flow reg-
ulation that has occurred since con-
struction of Jim Woodruff Dam, the
use of predictive frequency statistics
such as recurrence intervals was
avoided in this study. Frequency
information is instead described in
terms of median and percentiles of
flows that have occurred during the
74-year period of record. In unregu-
lated streams having long-term
record with no trends, the median
flow is approximately equivalent to
the 2-year recurrence interval flow,
and the 10th, 25th, 75th, and 90th
percentile flows are approximately
equivalent to the 10-, 4-, 1.33-, and
1.11-year recurrence interval flows,
respectively.



River flow fluctuates greatly
from low-water to high-water peri-
ods within each year as well as
from one year to the next. In the



Chattahoochee. Flows less than
9,000 ft3/s occurred in a typical year
with a duration of 6 consecutive
days or 13 total days. Flows less
than 16,000 ft3/s occurred for 93
consecutive days or 179 total days
(approximately half of the year).



Flows less than 8,000 ft3/s
occurred in 34 of the 74 years of
record (app. I). Flows less than
8,000 ft3/s occurred with a duration
of 64 consecutive days at the 10th
percentile, and 20 consecutive days
at the 25th percentile (table 2).
Flows less than 6,000 ft3/s occurred
in 15 years of the period of record.
Flows under 5,000 ft3/s were rare,
occurring in only 4 years in the
74-year period of record (1981,
1986, 1987, and 1988). Flows
under 4,000 ft3/s were exception-
ally rare and occurred for only
3 days in 1987 (table 2; app. I).



In 19 of the 74 years of
record, flows less than 10,000 ft3/s
did not occur (app. I). In the two
wettest years (1948 and 1975), the
lowest daily mean flow was
12,400 ft3/s.



Normal and extreme flows
must be defined to understand
known limits of hydrologic condi-
tions that have been experienced by
biological communities in the sys-
tem. For example, some streams
are continuously connected and
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Table 2. Greatest number of consecutive days and total number of days per year
that flow was below given flow values from 4,000 to 16,000 cubic feet per second
in the Apalachicola River at Chattahoochee, Florida
[Period of record analyzed is 1922-95. Analysis is based on climatic years of April 1–March 31 to
avoid splitting low-flow periods that typically occur in summer and fall. In each column, durations are
expressed first (in bold) in greatest number of consecutive days per year, and second (in italics) in total
number of days per year, which are not necessarily consecutive. Percentiles indicate frequency of dura-
tions over 74-year period of record]



Flow
value, in
cubic feet



per second



Greatest number of consecutive days and total number of days per year that
flow was below given flow value for indicated percentile



Extreme
(dry)



10th
percentile



25th
percentile



Median
(50th



percentile)



75th
percentile



90th
percentile



Extreme
(wet)



4,000 3 3 0 0 0 0 0 0 0 0 0 0 0 0



5,000 20 29 0 0 0 0 0 0 0 0 0 0 0 0



6,000 64  67 12 14 0 0 0 0 0 0 0 0 0 0



7,000 80 115 49 68 5 8 0 0 0 0 0 0 0 0



8,000 122 166 64 96 20 36 0 0 0 0 0 0 0 0



9,000 144 208 81 137 45 63 6 13 0 0 0 0 0 0



10,000 192 227 98 157 60 95 19 37 0 0 0 0 0 0



11,000 241 241 110 182 76 133 29 65 9 15 0 0 0 0



12,000 244 261 138 205 105 155 52 92 19 46 7 13 0 0



13,000 256 283 163 227 109 178 61 120 27 72 16 27 2 5



14,000 286 291 179 242 123 197 71 139 36 93 27 41 3 11



15,000 292 303 205 259 129 214 82 160 52 115 32 76 5 17



16,000 293 308 211 267 138 229 93 179 57 130 39 89 8 31



flowing under normal and even
drier than normal conditions, but
are disconnected and become a
series of stagnant, isolated pools
during severe droughts. Fish and
aquatic invertebrate populations
that require flowing, oxygenated
water are greatly reduced during
droughts and may not be fully
restored for years, depending upon
the resiliency of individual species,
the proximity of aquatic habitat
that might provide a source for
restocking, and the amount of
recovery time before the next
drought (Starrett, 1951; Larimore
and others, 1959; Taylor, 1983).



Year-to-year variability is an
important aspect of hydrologic
fluctuation that affects the opportu-
nity for recovery between
droughts. The year-to-year vari-
ability of lower flows is graphically
depicted in figure 6, which shows
the lowest 5 percent of daily mean



Figure 6. Lowest 5 percent of daily mean flows in the Apalachicola River at Chattahoochee, Florida, 1922-95.
The 1,350 daily mean flows depicted in this graph were not affected by filling of the reservoir at Lake Seminole except for
2 days with daily means of 7,060 ft3/s in 1954. Almost all reservoir filling occurred during periods when flows were greater
than 8,000 ft3/s (U.S. Army Corps of Engineers, 1985).
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Table 3. Number of days per year for multiple-year periods that flow was below
given flow values from 4,000 to 16,000 cubic feet per second in the
Apalachicola River at Chattahoochee, Florida
[Period of record analyzed is 1922-95. Analysis is based on climatic years of April 1–March 31 to
avoid splitting low flow periods that typically occur in summer and fall. Durations are expressed in
total number of  days per year, which are not necessarily consecutive]



Flow value,
in cubic feet per



second



Median duration in which flow was below given
flow value, in number of days per year



for multiple-year period



Two
consecutive



years



Three
consecutive



years



Four
consecutive



years



Five
consecutive



years



4,000 0 0 0 0



5,000 0 0 0 0



6,000 0 0 0 0



7,000 0 0 0 0



8,000 0 0 0 0



9,000 0 0 0 0



10,000 6 0 0 0



11,000 26 11 4 3



12,000 52 38 16 12



13,000 76 62 58 48



14,000 105 92 85 83



15,000 120 114 111 92



16,000 136 129 125 104



Flow value,
in cubic feet per



second



Maximum duration in which flow was below given
flow value, in number of days per year



for multiple-year period



Two
consecutive



years



Three
consecutive



years



Four
consecutive



years



Five
consecutive



years



4,000 0 0 0 0



5,000 6 6 0 0



6,000 54 11 11 0



7,000 83 42 23 0



8,000 114 101 53 4



9,000 145 139 80 31



10,000 190 177 99 63



11,000 208 199 117 83



12,000 227 214 142 122



13,000 257 248 167 138



14,000 271 258 182 160



15,000 278 268 202 174



16,000 292 273 223 182



flows in relation to time. Nonexceed-
ance durations for multiple-year peri-
ods of 2 to 5 years are shown in
table 3. The upper part of table 3
shows median durations and the
lower part shows maximum dura-
tions for all multiple-year periods in
the 74-year period of record. For
example, flows less than 9,000 ft3/s
occurred for a total of 13 days in a
typical single year (table 2), but typi-
cally did not occur for two consecu-
tive years (upper part of table 3).
Flows less than 10,000 ft3/s occurred
for a total of 37 days in a typical
single year and 6 days per year for
two consecutive years under normal
conditions, but typically did not
occur for three consecutive years. All
possible combinations of 2, 3, 4, or
5 years were used to determine the
durations in table 3. Appendix IB
gives the durations for each individ-
ual year that were used to develop
this table.



The droughts of the 1980’s
were the most severe in terms of
single-year low flow durations;
however, the 1950’s drought was
drier in terms of multiple-year dura-
tions (fig. 6; app. IB). More than
three-quarters of the maximum
multiple-year flow durations shown
in the lower part of table 3 occurred
in the extended drought period of
1954-58; most of the remaining
durations occurred during 1984-88.
Very low flows occurred at other
times from 1922-95, but typically
occurred in a single year with flows
that were not as low as in the 1950’s
or 1980’s and with a return to more
normal flows the following year.



Seasonal fluctuation is
another characteristic of river flow
that has important effects on
biological processes. Many fishes
require spawning sites in spring and
summer, and structural cover for
juveniles following spawning (Lee
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Table 4. Number of days per month that flow was below given flow values from
4,000 to 16,000 cubic feet per second in the Apalachicola River at Chattahoochee,
Florida
[Period of record analyzed is 1922-95. Durations are expressed in total number of days per month, which
are not necessarily consecutive]



Flow
value,



in cubic
feet per
second



Median number of days per month that flow was below given flow value



April May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.



4,000 0 0 0 0 0 0 0 0 0 0 0 0



5,000 0 0 0 0 0 0 0 0 0 0 0 0



6,000 0 0 0 0 0 0 0 0 0 0 0 0



7,000 0 0 0 0 0 0 0 0 0 0 0 0



8,000 0 0 0 0 0 0 0 0 0 0 0 0



9,000 0 0 0 0 0 0 0 0 0 0 0 0



10,000 0 0 0 0 0 4 10 6 0 0 0 0



11,000 0 0 0 0 0 10 18 16 0 0 0 0



12,000 0 0 2 6 6 18 23 23 4 0 0 0



13,000 0 1 8 11 13 23 29 26 10 0 0 0



14,000 0 3 11 16 17 26 31 29 14 0 0 0



15,000 0 5 15 18 22 29 31 30 15 0 0 0



16,000 0 6 19 21 24 30 31 30 19 2 0 0



Flow
value,



in cubic
feet per
second



Maximum number of days per month flow was below given flow value



April May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.



4,000 0 0 0 0 0 0 0 3 0 0 0 0



5,000 0 0 0 0 25 4 0 6 0 0 0 0



6,000 0 0 0 1 31 30 31 30 6 1 0 0



7,000 0 1 15 31 31 30 31 30 23 20 0 0



8,000 0 5 28 31 31 30 31 30 24 24 0 0



9,000 0 20 30 31 31 30 31 30 26 26 7 0



10,000 2 26 30 31 31 30 31 30 31 31 10 0



11,000 7 31 30 31 31 30 31 30 31 31 23 0



12,000 12 31 30 31 31 30 31 30 31 31 26 4



13,000 15 31 30 31 31 30 31 30 31 31 28 22



14,000 18 31 30 31 31 30 31 30 31 31 28 26



15,000 26 31 30 31 31 30 31 30 31 31 28 31



16,000 27 31 30 31 31 30 31 30 31 31 28 31



and others, 1980; Savino and
Stein, 1982). Availability of
additional food sources in
inundated forests helps fishes
meet increased energetic
needs for reproduction and
growth (Killgore and Baker,
1996). Timing of floods
affects the delivery of detrital
material from forested areas
to stream channels of the
floodplain and to the main
river channel as well as to
downstream estuarine habi-
tats, affecting the seasonal
food supply of riverine and
estuarine detritivores
(Mattraw and Elder, 1984).



Seasonal variability is
described with monthly
durations for flows from
4,000 to 16,000 ft3/s in
table 4. The upper part of
table 4 shows median flow
durations and the lower part
shows maximum flow dura-
tions for the 74-year period
of record. September, Octo-
ber, and November are typi-
cally the driest months, with
flows less than 10,000 ft3/s
for durations of 4 to 10 days
of the month. February,
March, and April are the
wettest months and typically
do not have flows less than
16,000 ft3/s. Flows during
some months such as Janu-
ary and August are highly
variable. January is among
the wettest months with
respect to its median flow
duration, but has maximum
flow durations that are con-
siderably drier. Maximum
duration of flows less than
5,000 ft3/s for August were
much longer than for any
other month.
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Table 5. Number of days per year that flow was above given flow values from
16,000 to 200,000 cubic feet per second in the Apalachicola River at
Chattahoochee, Florida
[Period of record analyzed is 1922-95. Analysis is based on water years of October 1–September 30 to
avoid splitting high-flow periods that typically occur in winter and spring. Durations are expressed in
total number of days per year, which are not necessarily consecutive. Percentiles indicate frequency of
durations over 74-year period of record]



Flow value, in
cubic feet per



second



Number of days per year that flow was above given flow value
for indicated percentile



Extreme
(wet)



25th
percentile



Median
(50th



percentile)



75th
percentile



Extreme
(dry)



200,000  9   0   0 0 0



140,000  21   0   0 0 0



100,000  27  3   0 0 0



75,000  32  10   3 0 0



65,000 46  19   6 1 0



55,000  79  33  14 4 0



45,000 100  48  30 12 0



40,000 123 60  42 18 0



35,000 151 78  61 24 0



33,000 168 88  68 29 0



31,000 177 96  75 36 0



29,000 192 110  84 38 0



27,000 205 126  95 44 0



25,000 215 141 103 53 0



23,000 241 152 113 61 1



22,000 265 164 122 74 4



21,000 287 173 132 87 16



20,000 298 178 142 91 21



19,000 312 190 154 105 29



18,000 328 205 165 125 31



17,000 331 218 176 135 38



16,000 338 240 193 143 41



Medium to High Flows



The total number of days per
year that flows were above given
flow values (annual exceedance
durations) of 16,000 to
200,000 ft3/s for the period 1922-
95 are presented in table 5.
Median durations represent typical
conditions. Wet and dry ends of



the range are reversed compared
to the nonexceedance durations of
table 2. Durations in wetter years
are represented by the 25th-per-
centile durations in table 5, and in
drier years by the 75th-percentile
duration.



In a typical year, daily mean
flows did not exceed 100,000 ft3/s.
Typical annual duration was



3 days for flows greater than
75,000 ft3/s, and 6 days for flows
greater than 65,000 ft3/s. Flows
greater than 16,000 ft3/s occurred
approximately half of the time in a
normal year.



Short periods during which
flows were above 100,000 ft3/s
occurred in 25 of the 74 years of
record. Duration of flows exceed-
ing 100,000 ft3/s at the 25th per-
centile was 3 days (table 5). Flows
above 140,000 ft3/s occurred in
12 years of the period of record.
Flows above 200,000 ft3/s were
rare, occurring in only 3 years
(1925, 1929, and 1994). The 1929
flood holds the record not only for
the highest flow (291,000 ft3/s)
(table 1), but also for the longest
duration of any flood exceeding
100,000 ft3/s (27 days).



In drier years, flows did not
exceed 75,000 ft3/s. There were
9 years in the period of record in
which the highest flows for the
year did not exceed 55,000 ft3/s.
The lowest annual 1-day high flow
was 24,300 ft3/s in 1941.



Effects of Entrenchment on
Stage in the Upper Reach



Entrenchment or riverbed
degradation is a typical process
that occurs downstream of dams in
the first 1 to 3 decades after dam
construction (Galay, 1983; Ligon
and others, 1995). Coarse sedi-
ments carried downstream along
the riverbed are trapped in the res-
ervoir behind the dam. Water lack-
ing coarse sediments is released
below the dam and tends to erode
the riverbed, lowering the eleva-
tion of the bed. The rate of
entrenchment of the Apalachicola
River at Chattahoochee was great-
est from 1954 to the late 1960’s
(fig. 7). An additional decrease in
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Table 6. Decrease in stage in upper reach of Apalachicola River as a
result of entrenchment
[Chattahoochee gage is at the upstream end and Blountstown gage is at the down-
stream end of upper reach. Decrease in stage represents the amount that stages have
dropped for a given flow from pre-entrenchment conditions existing prior to 1954 to
present (1995) conditions. Values were computed from stage-discharge ratings for pre-
entrenchment and current conditions at each gage]



Flow range,
in cubic feet per second



Decrease in stage as a result of
entrenchment, in feet



At Chattahoochee
gage



At Blountstown
gage



4,000 to 15,000 4.8 1.9



16,000 to 35,000 4.7 1.9



36,000 to 75,000 4.0 1.5



76,000 to 100,000 3.3 1.0



101,000 to 150,000 2.2 0.6



Greater than 150,000 <1.5 <0.6



stage of approximately 1 ft
occurred around 1981. Entrench-
ment appears to have stabilized
since then, as no additional
decrease in stage is apparent from
1981 to 1995. This agrees with a
previous analysis conducted by
Simons, Li and Associates, Inc.
(1985), except that an aggrada-
tional trend since 1981 noted by
those authors is not apparent in the
more recent analysis depicted in
figure 7.



Effects of entrenchment
decrease with increasing flow and
with distance downstream of the
dam (table 6). Decreases in stage
as a result of entrenchment
averaged 4.8 ft at the Chatta-
hoochee gage, and 1.9 ft at the
Blountstown gage at low and
medium flows. Effects of entrench-
ment appear to be restricted to the



Figure 7. River stages during low flows in the Apalachicola River at Chattahoochee, Florida, 1929-95. Data points shown
include all daily mean stages in the 67-year period that have corresponding flow values between 9,500 and 10,500 cubic
feet per second using the stage-discharge rating in effect at the time. Data prior to 1929 are not shown because no
discharge measurements were made prior to 1929.
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Table 7. Lengths of floodplain streams and lakes in upper, middle, and nontidal lower reaches of the
Apalachicola River that are connected to the main river channel at flows ranging from 4,000 to 19,000
cubic feet per second
[“Connected” means that approximately level water passageways exist between floodplain water bodies and the main river chan-
nel, allowing 2-way access for fishes to move from river to floodplain as well as from floodplain to river. Individual stream loca-
tions and lengths are given in appendix II. Not included in this table are the main channel of the nontidal Apalachicola River
which is 86 miles in length, and main channels of the lower Chipola River and Chipola Cutoff which total 17 miles in length]



Flow at
Chattahoochee



gage,
in cubic feet
per second



Length of streams and lakes connected to main channel at or below given flow
values, in miles



Upper
reach



Middle
reach



Nontidal
lower
reach



Total



   4,000 0.8 5.2 12.7     18.7



   5,000 2.6 6.3 26.0     34.9



   6,000 5.3 8.8 39.7     53.8



   7,000 5.3 11.9 50.3     67.5



   8,000 8.3 29.4 55.4     93.1



   9,000 9.0 32.0 65.2    106.2



  10,000 14.4 32.2 75.2    121.8



  11,000 20.3 42.0 77.7    140.0



  12,000 20.5 57.7 83.7    161.9



  13,000 20.5 63.0 88.3    171.8



  14,000 20.6 71.4 96.3    188.3



  15,000 20.9 79.3 98.9    199.1



  16,000 20.9 86.7 100.6    208.2



  17,000 21.0 88.8 101.3    211.1



  18,000 24.6 93.8 104.1    222.5



  19,000 24.6 101.5 104.1    230.2



upper reach of the river. Down-
stream of the Blountstown gage,
the river channel thalweg reflects
alternating cycles of aggradation
and degradation but there are no
consistent decreasing trends in
stage (Simons, Li, and Associates,
Inc., 1985, p. 100 and fig. 5.2).



his section of the report
describes the major types of



streams, lakes, and forests of the
floodplain by river reach, and the



FLOODPLAIN STREAMS,
LAKES, AND FORESTS
IN RELATION TO RIVER
FLOW



T



changes that occur in these
features with changes in river
flow. Detailed maps and descrip-
tions are provided for streams and
lakes at the intensive study areas.
Streams, lakes, and forests
described in this section are illus-
trated on plates depicting con-
nected aquatic habitat in the upper
reach (pl. 1), middle reach (pl. 2),
and nontidal lower reach (pl. 3) at
specific flow values selected to
represent low, medium, and
medium-high river flows. The
specific flow values used to repre-
sent low flows (8,000 ft3/s) and
medium flows (16,000 ft3/s) are
the same on all three plates. The
specific flow value representing



medium-high flows on the plates
varies with the reach and approxi-
mates the minimum river flow at
which at least 70 percent of the
total area of tupelo-cypress
swamps in the reach is inundated
and connected to the main chan-
nel. These specific flow values are
31,000 ft3/s for the upper reach
(pl. 1C), 27,000 ft3/s for the mid-
dle reach (pl. 2C), and 23,000 ft3/s
for the nontidal lower reach
(pl. 3C). Lengths and locations
of individual streams connected
to the main channel at selected
flows are listed in appendix II
and summarized in table 7.
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Upper Reach



Flat Creek, an intensive
study area in the upper reach, is a
perennial stream draining an
upland area of 52 mi2 (figs. 8 and
9). During very low flows, water
in the mouth of Flat Creek is very
shallow (less than 3 in. deep) and
drops into the main channel across
a sandy delta. Lowered stages in
the main channel as a result of



Figure 8. Flat Creek intensive study area.
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entrenchment appear to have
altered the mouth of this stream
since the 1950’s, making aquatic
habitat in the Flat Creek drainage
inaccessible to main channel
fishes. Prior to construction of Jim
Woodruff Dam, the mouth of Flat
Creek was deep enough during
very low flows for fish and boat
access (J.M. Barkuloo, retired,
USFWS, oral commun., 1997).



When the river rises higher than
the mouth of Flat Creek in its
present condition, river water
enters the downstream reach of the
stream creating an area of backwa-
ter with very sluggish flow; but
farther upstream, Flat Creek is
still flowing swiftly. During high
flows, the banks of Flat Creek are
under water and water flows
across forests and streams in the
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Figure 9. Flat Creek during low flow about 1,500 feet upstream of its mouth
on the Apalachicola River. Perennial streams with sandy bottoms that originate
in steep ravines east of the floodplain are unique to the upper reach of the
river.



general direction of river flow
(fig. 10).



Mosquito Creek is the larg-
est tributary in the upper reach of
the river with regard to discharge.
It is a perennial stream with an
upland drainage area of 90 mi2



which lies east of the river
(pl. 1A). Entrenchment can move
upstream into tributaries (Galay,
1983) and appears to have pro-
gressed approximately 100 ft into
the mouth of this creek to a
bridge, where rock and concrete
rubble have been deposited in the
bed and along the banks. The
spillway created by this rock and
rubble probably prevented bed
degradation from progressing
farther upstream. It also makes
the entire upstream drainage inac-
cessible to fish in the main chan-
nel during very low flows.



Perennial streams in the
floodplain originating from the
upland are features that are com-
mon in the upper reach of the
river but relatively rare in the
middle and lower reaches.
Streams draining steep ravines
which dissect the upland on the
east side of the river include
Sweetwater Creek, Rock Creek,
Beaverdam Creek, Little Sweet-
water Creek, and Kelley Branch.
Spring-fed streams on the west
side of the river are Spring
Branch and Blue Spring run
(pl. 1B). At a river flow of
8,000 ft3/s, most of these peren-
nial streams are waterfalls, allow-
ing no access for fish in the main
channel (pl. 1A, app. II). Vertical
drop of waterfalls at this flow
varies with the stream and can be
2 ft or more.



Johnson Creek, a second
intensive study area in the upper-
reach, is fed by small intermittent
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streams draining the upland west
of the river (fig. 11). A sill at the
mouth disconnects Johnson Creek
from the main channel during
very low flows. During low and
medium flows, the first half mile
of Johnson Creek is still-water
habitat connected to the main
channel (fig. 12) and the remain-
ing upstream reaches are a series
of isolated pools. Sometimes the
entire stream flows swiftly in
response to local rains, but then
returns to its still-water condi-



Figure 10. Flooded swamp near Flat Creek during high flow. During floods, turbid river water moves slowly downstream
through the floodplain forest at velocities of approximately 0.5 foot per second.



tion shortly afterwards. Consis-
tent flow in Johnson Creek does
not occur until high flows, when
the river is flowing through both
forests and streams of the flood-
plain in a general downstream
direction.



Other streams in the upper
reach that are usually connected
to the main channel by backwater
are Ocheesee Creek, Graves
Creek, and The Bayou (pl. 1C).
The Bayou and its tributaries are
the longest stream system



(approximately 9 mi) in the upper
reach of the floodplain. During
low flows, the most downstream
4,000 ft of The Bayou is still-
water habitat connected to the
main channel. The Bayou is dis-
connected during low flows
upstream of that reach by a rubble
spillway in the vicinity of a small
bridge used for logging access.
Upstream from this point to the
head of The Bayou on the main
channel at river mile 85.7, the
stream is a steep-sided and
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Figure 11. Johnson Creek intensive study area.
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relatively narrow channel with
water pooled in the deeper parts
of the streambed (fig. 13). During
medium flows, flow from
Stafford Creek and rising back-
water from the mouth connect the
most downstream 4 mi of The
Bayou to the main channel
(pl. 1B). During medium-high
flows the remaining reach of The
Bayou, from its upstream head on
the main channel at river mile
85.7 to the mouth of Stafford
Creek, is connected and flowing,
creating a complete loop that
serves as an alternate flow path
for river water from the main
channel (pl. 1C). When streams
of this type are connected,
velocity increases to speeds that
are relatively fast for floodplain
streams (1-3 ft/s).



Sutton Lake is still-water
habitat with a connection to the
main channel that is deep enough
for access by larger fishes, even
during very low flows. It is the
largest area of aquatic floodplain
habitat that is connected to the
main channel during low flows in
the upper reach (pl. 1A).



About 72 percent of all
tupelo-cypress swamps in the
upper reach of the river is con-
nected aquatic habitat at a flow of
31,000 ft3/s (pl. 1C). Large
tupelo-cypress swamps with
semi-permanent standing water
are a prominent feature of the
upper reach (fig. 14). Many of
these swamps are fed by ground-
water seepage from the steep
upland bluffs bordering the east-
ern edge of the floodplain.
Hydrologic fluctuations in a large
swamp with semi-permanent
standing water in the vicinity of
Beaverdam Creek were mea-
sured in the ARQA study
(Leitman and others, 1983,



Figure 12. Johnson Creek during low flow about 2,000 feet upstream of its
mouth on the Apalachicola River. Johnson Creek receives a small amount of
intermittent runoff from upland drainages. During low and medium flows, the
lower reach of Johnson Creek, shown here, is a still-water habitat connected to
the river, and the upper reach is a series of isolated pools.
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fig. 23). The pond level in that
swamp was perched approxi-
mately 12 ft above the elevation of
the water surface of the river at
median low flow, and water in the
swamp was not connected to the
main channel until flows exceeded
about 30,000 ft3/s.



Middle Reach



Iamonia Lake and its
tributaries, the intensive study



Figure 13. The Bayou during medium flow about 5 miles upstream of its mouth on the Apalachicola River. Water in the
stream was isolated from the main river channel and not flowing at the time this photograph was taken; however, the
narrow, steep-sided channel is evidence of the relatively high velocities that occur when the stream is connected and
flowing.



area in the middle reach of the
river, is a tributary lake system
that receives little runoff from
upland drainage (cover illustra-
tion, fig. 15, fig. 16). In some of
its wider reaches, Iamonia Lake
is as deep and wide as the
Apalachicola River; yet under
most conditions, Iamonia Lake
has little or no flow. During flows
less than 8,000 ft3/s, a sill near
the mouth of Iamonia Lake dis-
connects it from the main river
channel (app. II). During low and



medium flows  above 8,000 ft3/s,
Iamonia Lake has a nearly level
water surface for the entire 5 mi
of its length, with an elevation
equal to the level of the river at
the downstream connection at
river mile 55.8. During high
flows, river water enters the
upper and middle reaches of
Iamonia Lake through many
small connector streams and the
main body of the lake is flowing
and sloped in a downstream
direction.
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Figure 14. Tupelo-cypress swamp with semi-permanent standing water in the floodplain of the Apalachicola River just
north of Flat Creek. Ground-water seepage from steep upland bluffs bordering the eastern edge of the floodplain provides
a source of water for extensive areas of semi-permanently wet swamps in the upper reach of the river. The water level in
these swamps is perched several feet above the low water level of the river.



Figure 15. Iamonia Lake about
2 miles upstream of its mouth on the
Apalachicola River. With a channel
width of 400 feet and depths of 20 to
30 feet, Iamonia Lake looks similar to
the main channel of the Apalachicola
River. Tributary lakes such as this
are probably old river channels that
were abandoned when the river
changed course.
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Figure 16. Iamonia Lake intensive study area.
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B



Figure 17. Middle Slough about 2,700 feet from its
mouth on Iamonia Lake (A) partially dry and
disconnected during low flow and (B) flowing with
shallow water during medium flow. When connected,
Middle Slough carries water from the Apalachicola River
by way of Bee Tree Slough to the upper end of Iamonia
Lake. Relatively high velocities of 1.5 to 2 feet per
second occur in Middle Slough during higher flows.



AThe two largest connector
streams in the Iamonia Lake system
are the Middle Slough-Bee Tree
Slough passageway and Mary Slough
(fig. 16). During low flows, Middle
Slough is disconnected and most of its
streambed is dry (fig. 17A). Bee Tree
Slough is also disconnected but has a
series of isolated pools in its bed, some
of which are 5 to 6 ft deep. The con-
trolling sill for the Middle Slough-Bee
Tree Slough passageway is in Middle
Slough, about 3,000 ft upstream of its
mouth on Iamonia Lake. During river
flows of 11,000 ft3/s and higher, water
flows from higher elevations in the
Apalachicola River through Bee Tree
Slough and Middle Slough to lower
elevations in the upper end of Iamonia
Lake (fig. 17B). Relatively high veloc-
ities (1.5-2 ft/s) were observed in these











32 Aquatic Habitats in Relation to River Flow in the Apalachicola River Floodplain, Florida



connector streams at a river flow of
20,000 ft3/s. Mary Slough is
another connector stream near the
middle of Iamonia Lake. During
low flows, the west end of Mary
Slough is connected by backwater
to Iamonia Lake; its east end is



Figure 18. Outside Lake during medium flow about 1 mile upstream of its
mouth on the Apalachicola River. This tributary lake is probably a very old river
channel that has nearly filled with sediment.  Much of Outside Lake during
medium river flow is a shallowly flooded tupelo-cypress swamp with a slightly
deeper open channel in the center.



higher in elevation than the water
surface in the lake and is a series of
isolated pools during low flows.
Water flows from the main channel
through Mary Slough to Iamonia
Lake at a river flow of 13,000 ft3/s
and higher.



McDougal Lake (fig. 16) is
shallower than Iamonia Lake;
however, the two lakes are
connected with a level water surface
even during very low flows. Honey
Pond (fig. 16) is a shallow flood-
plain lake with scattered tupelo and
cypress trees that is isolated from
Iamonia Lake during low flows.
During medium flows, Honey Pond
is connected and accessible from
Iamonia Lake by small boats.



Florida River is a large tribu-
tary lake in the middle reach that is
connected to the main channel
during very low flows. The mouth
of Florida River has a relatively
deep connection to the main
channel, connecting almost 5 mi of
still-water habitat to the main
channel during very low flows with
an additional 3 mi connected during
low flows (pl. 2A, app. II). About 25
more miles of streams in this system
are connected during medium flows.
During medium flows, water from
the Apalachicola River flows
through the lower reach of Equa-
loxic Creek and Finns Slough into
the upper Florida River (pl. 2B).
During medium-high flows, water
from the Apalachicola River flows
through Dog Slough into the lower
Florida River (pl. 2C).



Outside Lake has a very shal-
low channel about 400 to 500 ft wide
that is forested with mature tupelo
and cypress trees except for about
150 ft in the center of the channel
(fig. 18). Since the channel of Out-
side Lake is nearly filled with sedi-
ment, it may be a former river
channel that is older than either
Iamonia Lake or Florida River. Dur-
ing low flows, the first mile of Out-
side Lake upstream of its mouth is 3
to 4 ft deep and connected to the
main channel. Upstream of the first
mile, Outside Lake is very shallow,
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and 2 mi upstream of the mouth the
lake is a series of shallow isolated
ponds. As the Apalachicola River
rises, water from the river moves far-
ther up into the lake. During medium
flows the lake is also connected to
the Apalachicola River at its upper
end through a small stream flowing
from Dead River (pl. 2B).



Old River and its tributary,
Baker Branch, are narrow, steep-
sided streams that receive small
amounts of flow from two upland
streams during low flows. During
medium flows, water from the
Apalachicola River enters Old River
at its upstream end and flows back
into the main channel at the down-
stream end of Baker Branch (pl. 2).



Figure 19. Sand Slough about 500 feet from its mouth on the Apalachicola River. Dry streambeds are typical of higher
elevation streams when they are disconnected from the river.



Equaloxic Creek receives run-
off from Big Gully Creek, a stream
draining a relatively large area of
flatwoods and acid swamps east of
the floodplain (drainage area unde-
termined, probably greater than 20
mi2). During low flow, water sam-
pled about 3 mi upstream of the
mouth of Equaloxic Creek had a pH
of 2.5 (Michael J. Hill, Florida Game
and Fresh Water Fish Commission,
oral commun., 1993). Water in the
main channel of the Apalachicola
River usually has a pH between 7
and 8. At a river flow of 7,500 ft3/s,
water in the mouth of Equaloxic
Creek was observed to be tannin
stained, with no turbidity, indicating
that water in the creek originated



from the acidic upland stream rather
than from turbid backwater from the
main channel. Water from the river
moves into the channel of Equaloxic
Creek during medium flows and con-
nects to the upper Florida River
through Finns Slough.



Many more streams in the
middle reach are connected to the
main channel during medium and
medium-high flows. At a river flow
of 19,000 ft3/s, the middle reach has
4 times as many miles of streams as
the upper reach (table 7). Higher ele-
vation streams that are connected to
the river during medium or higher
flows usually have dry streambeds
when disconnected from the river
(figs. 3 and 19). Lower elevation
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streams that are connected to the
river during low flows contain
isolated pools of water when they
are disconnected from the river.



At a river flow of
27,000 ft3/s, about 74 percent of
tupelo-cypress swamps and
25 percent of mixed bottomland
hardwood forests in the middle
reach are inundated and con-
nected to the main channel
(pl. 2C). Tupelo-cypress swamps
are mostly located near the out-
side edges of the floodplain but
some swamps are located along
stream channels, such as those on
the Florida River and Outside
Lake. Unlike some of the swamps
in the upper reach, most middle
reach swamps have little or no
standing water in the dry season.
At a river flow of 27,000 ft3/s
(pl. 2C), connected aquatic habi-
tats in mixed bottomland hard-
woods probably consist of areas
with land surface elevations simi-
lar to, or only slightly higher
than, tupelo-cypress swamps.
These areas are forested with
some tupelo and cypress in a
mixture of water hickory, overcup
oak, swamp laurel oak, and green
ash.



Nontidal Lower Reach



River Styx and its tributar-
ies, the intensive study area in the
nontidal lower reach of the river,
is a tributary lake system that
receives very little runoff from
upland drainage (fig. 20). Over
4 mi of still-water stream habitat
in River Styx is connected to the
main channel during low flows
(fig. 21). Depths in River Styx are
highly variable. In the first
1,300 ft from the mouth, the



channel ranges from 15 to 30 ft in
depth. Elevation of the water sur-
face at the mouth of River Styx at
low water is about 7 ft above sea
level; thus, the elevation of the
streambed in the deeper locations
is 10 to 20 ft below sea level.
About 1,400 ft from the mouth, a
shallow, sandy sill across the
river disconnects all upstream
reaches of River Styx during very
low flows (fig. 22). Very deep
reaches continue to alternate with
very shallow reaches upstream to
approximately 4 mi from the
mouth, where the River Styx at
low water is consistently narrow
with shallow water and low
banks. Seven miles upstream of
the mouth of River Styx, there is
a wide swamp corridor with occa-
sional isolated pools and no
recognizable streambed. As the
river rises from low to medium
flows, water from the Apalachi-
cola River backs up into the
mouth of River Styx. During
medium-high flows, water from
the river enters at points upstream
(Florida River and Equaloxic
Creek) and moves through the
swamp corridor as sheet-flow.
When this occurs, the entire
River Styx system is flowing
toward its mouth on the Apalach-
icola River.



The two largest connector
streams in the River Styx system
are Swift Slough and Moccasin
Slough (fig. 20). Both are rela-
tively high velocity streams (1-
2 ft/s) that carry water from the
main channel down to the River
Styx during low flows. Moccasin
Slough empties into the River
Styx close to its mouth on the
Apalachicola River (fig. 20).
Swift Slough ends about 2.5 mi
from the mouth of River Styx. At



flows of less than 17,000 ft3/s in
the Apalachicola River, the River
Styx downstream of the mouth of
Swift Slough has little flow. At
flows of greater than 17,000 ft3/s
in the Apalachicola River, the
lower 2 mi of River Styx begins
to flow more swiftly because
additional connector streams,
such as Hog Slough, Grayson
Slough, and Everett Slough, are
connected by rising water and the
River Styx receives a significant
amount of flow from the main
channel (pls. 2C and 3C).



The parts of Kennedy
Creek and Owl Creek that lie
within the Apalachicola River
floodplain are tributary lakes
connected during very low flows
(app. II, pl. 3A). Both streams
originate in flatwoods and acid
swamps in the upland east of the
floodplain (similar to
Equaloxic Creek in the middle
reach) and both streams usually
have sluggish flow.



Kennedy Creek is deep
(15-20 ft during low water) and
relatively wide (100-200 ft) for
much of its length (fig. 23). The
still-water habitat in Kennedy
Creek and its tributaries that are
connected to the river during low
flows is extensive, totalling about
9 mi of streams (4 mi of the
mainstem of Kennedy Creek and
an additional 5 mi of connected
still-water streams). During low
and medium flows, water in the
most downstream 1 mi of
Kennedy Creek is flowing into a
stream that connects to the upper
end of the wide part of Brushy
Creek (pl. 3A). The wide part of
Brushy Creek is very deep (20-
30 ft) at its mouth on the main
channel and throughout its entire
length.
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Figure 20. River Styx intensive study area.
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Figure 22. Main channel of River Styx during low flow about 1,400 feet from
its mouth on the Apalachicola River. The sandy streambed is partly exposed at
this location. Maximum depths of 1.1 feet were measured at the controlling sill;
lagged flow at Chattahoochee at that time was 6,100 cubic feet per second.
Many miles of River Styx upstream of this sill are disconnected during very low
flows of 5,000 cubic feet per second or less.



Figure 21. River Styx during low flow about 2.5 miles upstream of its mouth on
the Apalachicola River. River Styx is 200 feet wide and 25 feet deep at this
location. More than 4 miles of still-water stream habitat in River Styx are
connected to the Apalachicola River during low flows.



During medium flows,
Kennedy Creek is connected to
River Styx by Shepard Slough
and other unnamed streams
(pl. 3B). Most of the tributaries
of Kennedy Creek, including
Shepard Slough and the connec-
tor to Brushy Creek, are narrow
watercourses with shallow beds
and low forests on the banks.
These streams are usually too
shallow to navigate during low
flows, and during medium flows
the low banks and surrounding
forest are inundated and the chan-
nel becomes difficult to follow. In
some reaches, the stream channel
disappears into a diffuse network
of streams that flow around tree
hummocks (fig. 24).



The Chipola River is the
largest tributary of the Apalachi-
cola River, draining approximately
1,200 mi2 in Florida and Alabama
(Foose, 1981). The lower Chipola
River below Dead Lakes receives
approximately 70 percent of its
flow from the main channel of the
Apalachicola River by way of the
Chipola Cutoff during low flows,
and approximately 75 percent
during medium flows (USACE,
written commun., 1994). The
remaining 25 to 30 percent of the
flow is from the Chipola River
upstream of the mouth of Dead
Lakes. Two streams, Corley Slough
and Virginia Cut, that previously
connected the lower Chipola River
with the Apalachicola River near
the mouth of River Styx, have been
altered by dredge spoil deposition
and no longer serve as connector
streams during low and medium
flows (pl. 3). Near its mouth, the
lower Chipola is connected to the
Apalachicola River during low
water by way of Douglas Slough
and its tributaries. Douglas Slough
also is a loop stream during very
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Figure 23. Kennedy Creek during
medium flow about 7,500 feet
upstream of its mouth on the
Apalachicola River. This tributary
lake is quite deep (15-20 feet) and
relatively wide (100-200 feet) for
much of its length. At the time this
photograph was taken, lagged flow
at the Chattahoochee gage was
13,000 cubic feet per second, and
most of the low banks and swamps
adjacent to this stream were
underwater.



Figure 24. Tree hummock in a tributary of Kennedy Creek. During medium flows, the channels of small streams in the
vicinity of Kennedy Creek are very difficult to follow when they branch out into a diffuse network of streams flowing around
tree hummocks.











38 Aquatic Habitats in Relation to River Flow in the Apalachicola River Floodplain, Florida



low flows, with both ends con-
nected to the lower Chipola River.
Several other streams, including
Maddox Slough, Roberts Slough,
and Burgess Creek, have both ends
connected to the lower Chipola
during medium flows. Lockey
Lake is deep (10-20 ft) and con-
nected during very low flows. At a
river flow of 14,000 ft3/s, Spiders
Cut and other streams on the south
side of the lower Chipola near its
mouth were observed flowing
south into the floodplain, probably
to the upper end of Brothers River,
which is a large tributary system
that begins in the floodplain a few
miles downstream of the mouth of
the lower Chipola River (fig. 2).



During low flows, the non-
tidal lower reach has many more
miles of connected streams than
both the upper and middle reach
combined (table 7). In the middle
reach, almost all connected aquatic
habitat during low flows is in a few
large stream systems. However, in
the lower reach, connected aquatic
habitat during low flow is located
in many small streams that have
low sills and low, flat streambeds.
At a river flow of 19,000 ft3/s, the
lower reach has about the same
number of miles of streams con-
nected to the main channel as the
middle reach.



About 25 percent of tupelo-
cypress swamps in the lower reach
is inundated and connected to the
main channel at a river flow of
16,000 ft3/s (pl. 3B). About 74 per-
cent of tupelo-cypress swamps in
the lower reach is inundated and
connected to the main channel at a
river flow of 23,000 ft3/s (pl. 3C).
Tupelo-cypress swamps cover
most of the floodplain in the lower
half of the lower reach and contain
many small isolated pools of water
even during low flows. Many



tupelo-cypress swamps of the
lower half of the lower reach have
irregular ground surfaces with trees
growing on hummocks or small
tree islands (fig. 24).



n the first part of this section,
estimated areas of three types of



floodplain habitats are described in
relation to river flow: (1) aquatic
habitat connected to the main river
channel, (2) aquatic habitat isolated
from the main channel, and (3)
nonaquatic habitat. The remainder
of this section relates estimated
areas of different types of con-
nected aquatic habitats to river
flow. Connected aquatic habitats
are primarily floodplain streams
and lakes during low flows and
flooded forests during high flows.
Connected aquatic habitats in dif-
ferent reaches of the river respond
differently to increases in flow.
Depths of controlling sills between



AREA OF AQUATIC
HABITATS IN THE FLOOD-
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RIVER FLOW
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Figure 25. Area of connected aquatic, isolated aquatic, and nonaquatic
habitat in the nontidal Apalachicola River floodplain in relation to flows ranging
from 5,000 to 200,000 cubic feet per second.
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the main channel and aquatic habi-
tats in the floodplain affect fish
diversity by controlling access
between diverse habitats. Water
velocity, soil type, and vegetative
structure are additional factors
affecting the composition of fish
and invertebrate populations.



Connected Aquatic Habitat
Compared to Isolated
Aquatic and Nonaquatic
Habitats



At a river flow of 5,000 ft3/s,
the total area of connected aquatic
habitat, estimated to be about
260 acres, is relatively small, com-
prising only 0.3 percent of the total
floodplain area (fig. 25). However,
aquatic habitats that are connected
to the main channel at very low
flows are of crucial importance to
fishes and invertebrates of the
floodplain. Connected aquatic
habitats provide shallow, quiet
waters in floodplain streams and
lakes as refuges from the deep,
swiftly flowing waters of the main
channel.
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Acreage of connected
aquatic habitat increases rapidly
with increases in flow above
14,000 ft3/s. At the median river
flow of 16,400 ft3/s, about
8,200 acres (10 percent of the
floodplain) is connected aquatic
habitat. Most of these areas are
tupelo-cypress swamps bordering
floodplain streams and lakes. When
river flow reaches 32,000 ft3/s, an
estimated 40,700 acres (approxi-
mately one-half of the floodplain)
is connected aquatic habitat. At
86,200 ft3/s, the median annual
1-day high flow, about 78,000 acres
(95 percent of floodplain) is con-
nected aquatic habitat.



At a river flow of 5,000 ft3/s,
approximately 4,000 acres (5 per-
cent of the floodplain), is isolated
aquatic habitat (fig. 25). Most of
these areas are swamps with stand-
ing water typically less than 1 ft
deep and rarely deeper than 3 ft in
the dry season (fig. 14). The area
of isolated swamps increases to
about 5,800 acres at the median
river flow of 16,400 ft3/s. This
increase is a result of the increase
in local precipitation that typically
accompanies increases in river
flow. Rainfall collects in swamps,
expanding existing pools and creat-
ing new isolated aquatic habitats.
As the river continues to rise, iso-
lated swamps are eventually
flooded by the river and become
connected to the main channel.
Flow required to flood isolated
swamps decreases downstream,
with river flows of 30,000 to
35,000 ft3/s required to flood most
isolated swamps in the upper reach,
and 20,000 to 25,000 ft3/s required
in the lower reach.



At a river flow of 5,000 ft3/s,
about 77,900 acres (95 percent of
the floodplain) is forest habitat with
no surface water present. These



areas include levees, high flats and
ridges with forests dominated by
sweetgum, sugarberry, and water
oak; low flats with water hickory,
green ash, overcup oak, and swamp
laurel oak; and tupelo-cypress
swamps with damp or saturated
soils (Leitman and others, 1983).
At 86,200 ft3/s, the median annual
1-day high flow, about 4,200 acres
of the floodplain is dry and
exposed. Floodplain areas that are
exposed during high flows areas
are mostly high levees adjacent to
the main channel with a few levees
bordering streams in the interior of



Figure 26. Area of connected aquatic habitat in forests compared to streams
and lakes of the nontidal Apalachicola River floodplain in relation to flows
ranging from (A) 2,000 to 14,000 cubic feet per second and (B) 5,000 to
200,000 cubic feet per second.
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the floodplain. Levees of this
height are created by flood waters
with high velocities capable of
carrying a large amount of coarse
sediments.



Connected Aquatic Habitat
in Forests Compared to
Streams and Lakes



At river flows of 7,000 ft3/s
or lower, nearly 100 percent of the
connected aquatic habitat in the
floodplain is streams and lakes
(fig. 26A). At these low flows,
floodplain forests are almost com-
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pletely drained of standing water
except for the isolated swamps
indicated in figure 25. At a flow of
10,000 ft3/s, streams and lakes still
constitute most of the connected
aquatic habitat (860 acres), but
about 210 acres of forest is flooded
and connected to the main channel.
Above a flow of 10,000 ft3/s, the
area of connected aquatic habitat
increases more rapidly in forests
than in streams and lakes
(fig. 26A). At the median flow of
16,400 ft3/s, more than 80 percent
of connected aquatic habitat is
flooded forests (fig. 26B). As the



Figure 27. Area of connected aquatic habitat in the upper, middle, and
nontidal lower reaches of the Apalachicola River floodplain in relation to flows
ranging from (A) 2,000 to 9,000 cubic feet per second and (B) 5,000 to
200,000 cubic feet per second.
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river continues to rise above
median flow, the area of flooded
forests increases rapidly, but the
area of streams and lakes shows
little increase because nearly all of
them were flooded at lower flows.



The different horizontal
scales in the two graphs in figure
26 depict different processes at
work in the floodplain. In figure
26A, increases in habitat are shown
on the order of hundreds of acres as
the river moves into previously
isolated streams or dry channels.
This information is obscured with
the scale used in figure 26B, which



shows increases in aquatic habitat
on the order of thousands of acres
as flow increases and the river
moves into large areas of the flood-
plain forest.



Figure 26A and several other
figures in this section include flows
of 2,000 ft3/s to provide habitat
data in the event that a decreasing
trend in flows occurs in the future.
The full range of river flows shown
in figures 25 and 26B include flows
of 200,000 ft3/s. Increases in area
of aquatic habitat with flow are
relatively minor above the median
annual 1-day high flow of
86,200 ft3/s.



Connected Aquatic Habitat
in the Upper, Middle, and
Nontidal Lower Reaches



Connected aquatic habitat
depicted in figures 25 and 26 repre-
sents habitat in the entire nontidal
floodplain. Connected aquatic
habitat in each of the three reaches
of the river responds differently to
increases in flow (fig. 27).



At flows ranging from 2,000
to 9,000 ft3/s (fig. 27A), the nontidal
lower reach has the greatest amount
of connected aquatic habitat and the
upper reach has the least. The lower
reach has many deep streams and
lakes, such as Brushy Creek, Owl
Creek, and Lockey Lake, that have
bottom elevations below sea level
and deep connections to the main
channel. About 100 acres of aquatic
habitat in the lower reach is con-
nected at flows below 3,900 ft3/s,
the lowest recorded daily mean
flow, compared to about 45 acres in
the middle reach (mostly in the
Florida River), and about 11 acres in
the upper reach (Sutton Lake).
At flows ranging from 4,000 to
9,000 ft3/s, the lower reach contin-
ues to have the most connected











Area of Aquatic Habitats in the Floodplain in Relation to River Flow 41



aquatic habitat as large parts of the
River Styx and Kennedy Creek sys-
tems become connected. In the mid-
dle reach, the biggest increase in
connected aquatic habitat during
low flows occurs between 7,000 and
8,000 ft3/s, when the amount of hab-
itat more than triples as Iamonia
Lake becomes connected. The
increase in flow from 2,000 to
9,000 ft3/s causes a three-fold
increase in connected aquatic habi-
tat in the upper reach, from about 10
to 33 acres. Prior to entrenchment,
about twice as much aquatic habitat
was connected in the upper reach
during low flows than is connected
in its present entrenched condition.



Area of aquatic habitat
increases greatly at river flows of
14,000 ft3/s in the nontidal lower
reach and 15,000 ft3/s in the middle
reach (fig. 27B). In the upper reach
this large increase in aquatic
habitat does not occur until river
flow reaches 29,000 ft3/s. Some of
this difference is attributable to
physiographic changes that occur
from the upper to the lower reach.
Topographic relief and land surface
elevations in floodplains decrease
in coastal plain rivers as they
approach the sea. However, most
of this difference is a result of
entrenchment that has occurred in
the upper reach since construction
of Jim Woodruff Dam. The flow
associated with a large increase in
connected aquatic habitat in the
upper reach was about 19,000 ft3/s
prior to entrenchment compared to
29,000 ft3/s in its present
entrenched condition (fig. 27B).



Connection Depths



Connected aquatic habitat
addressed in the preceding figures
and discussion represent habitat
that is connected at any depth. The



connection depth is very shallow
for some habitats, allowing passage
for small fishes but blocking access
for medium-sized fishes such as
adult bluegill or redear sunfish, or
large fishes such as striped bass or
Gulf of Mexico sturgeon.
Generally, the area of aquatic habi-
tat that is accessible to medium and
large fishes is considerably less
than that accessible to small fishes
(fig. 28). The connected aquatic
habitat that allows passage of small
fishes, as shown in the two graphs
in figure 28, represents aquatic
habitat in all nontidal reaches that



Figure 28. Area of aquatic habitat with controlling connections that allow
passage of small, medium, and large fishes in the nontidal Apalachicola River
floodplain in relation to flows ranging from (A) 2,000 to 12,000 cubic feet per
second and (B) 5,000 to 200,000 cubic feet per second.
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B



is connected at any depth greater
than zero. The other curves in these
graphs represent aquatic habitat
that will allow passage of medium
fishes (connection depth of 1 ft or
greater) and large fishes (connec-
tion depth of 3 ft or greater).



Accessible habitat is avail-
able at different flows for fishes of
different sizes. For example,
260 acres of habitat is accessible to
small fishes at river flows of
5,000 ft3/s, but this same amount of
habitat is not available to large
fishes until flows of about
10,000 ft3/s (fig. 28A). Large
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increases in area of connected
aquatic habitat occur above flows
of 14,000 ft3/s for small fishes,
above flows of 17,000 ft3/s for
medium-sized fishes, and between
flows of 20,000 and 30,000 ft3/s for
large fishes (fig. 28B).



Water Velocities in
Connected Aquatic
Habitats



Both still-water and flowing-
water habitats in shallow floodplain
water bodies provide refuges for



Figure 29. Area of still-water and flowing-water habitat in the nontidal
Apalachicola River floodplain connected to the main channel in relation to
flows ranging from (A) 2,000 to 9,000 cubic feet per second and (B) 5,000 to
200,000 cubic feet per second.
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fishes from the deeper and more
swiftly flowing waters in the main
channel. Some fishes, such as red-
fin pickerel, taillight shiner, flier,
and warmouth, primarily reside in
still-water habitats of the floodplain
and rarely enter the main channel
(Leitman and others, 1991). Other
fishes, such as darters, prefer flow-
ing-water habitats in small flood-
plain streams.



Water velocities in the main
channel are usually between 1 and
4 ft/s. Velocities observed in most
aquatic habitats in the floodplain
are much lower (0 - 1 ft/s), with the



exception of loop and connector
streams that carry river water along
a steeper course than the main
channel. Velocities of 2 to 3 ft/s
were observed in the connector
streams Bee Tree Slough and Swift
Slough.



Changes in area of connected
still-water and flowing-water
habitat in the floodplain in relation
to river flow is illustrated in
figure 29. At a river flow of
5,000 ft3/s, still-water habitat
covers about 250 acres and flow-
ing-water habitat covers 12 acres
(fig. 29A). At a river flow of
9,000 ft3/s, about 790 acres of still-
water habitat exists compared to
190 acres of flowing-water habitat.
Area of still-water habitat contin-
ues to greatly exceed area of flow-
ing-water habitat until river flows
reach about 20,000 ft3/s (fig. 29B).
At this river flow, water in con-
nected aquatic habitats is flowing
in most streams and lakes, but not
flowing in forests. At river flows
less than 20,000 ft3/s, the opportu-
nity for flow-through is limited
because the water is not high
enough to break over levees and
ridges that control connections
between different parts of the
floodplain. At river flows greater
than 20,000 ft3/s, flow-through in
the floodplain increases and water
begins to move through large areas
of floodplain forest. Flowing-
water and still-water habitats con-
tinue to increase in area until river
flows are about 40,000 ft3/s. When
flows exceed 40,000 ft3/s, still
waters are rapidly converted to
flowing waters as the rising water
connects more and more of the
floodplain into a flow-through
corridor. When flows reach
65,000 ft3/s, more than 99 percent
of the connected aquatic habitat in
the floodplain is flowing.
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In the upper reach, there are
a number of streams such as Flat
Creek and Mosquito Creek that
drain relatively large areas in the
uplands adjacent to the river. The
source of water for these streams is
not dependent upon flows in the
Apalachicola River, and the
streams continue to flow during
low and very low flows. However,
their connections to the river
during low flows do not allow 2-
way access for fishes because of
waterfalls or very shallow water
dropping into the main channel.
Small fishes can move from the
streams into the main channel of
the river but cannot swim back the
other way. Streams with 1-way
connections cover relatively small
areas (less than 35 acres), exist
primarily at flows less than
11,000 ft3/s, and are found only in
the upper reach.



The area of flowing-water
habitat with both 1-way and 2-way
connections in the upper reach
under present entrenched condi-
tions is shown in figure 30A and
under pre-entrenchment conditions
is shown in figure 30B. At river
flow of 3,900 ft3/s, the lowest daily
mean flow on record, all flowing
waters in the floodplain of the
entrenched upper reach have 1-way
connections to the main channel.
At this same river flow, prior to
entrenchment, about half of the
flowing-water habitat had 2-way
connections to the main channel,
and half had 1-way connections.
Under present entrenched condi-
tions, it is not until flows are about
11,000 ft3/s that nearly all streams
in the upper reach have 2-way
connections to the main channel.



Soils of Floodplain Habitats



Variety in soil types affects
diversity of floodplain fishes
because many fishes have substrate
preferences for either sandy or
muddy bottoms (Lee and others,
1980). Three major types of sur-
face soils were found in the
Apalachicola River floodplain: silt-
clays, sandy soils, and organic
soils. Approximately 90 percent of
the floodplain has silt-clay surface
soils. Silt-clays predominate on
alluvial rivers because large



Figure 30. Area of flowing-water habitat in the floodplain with 1-way and 2-
way connections to the main channel in relation to flows ranging from 2,000
to 12,000 cubic feet per second in the upper reach of the Apalachicola River
(A) under present (1995) entrenched conditions and (B) prior to entrenchment.
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FLOWING-WATER HABITAT IN UPPER
REACH — PRIOR TO ENTRENCHMENT:



amounts of fine-grain sediments
are carried long distances and
deposited on the floodplain during
overbank flows. The percentage of
connected aquatic habitat with silt-
clay soils varies with river flow but
is always relatively high, ranging
from 85 to 98 percent of the total
area for any given flow (fig. 31).



Sandy soils are found on
about 6,400 acres (8 percent of the
floodplain). Most of the sandy
soils in the floodplain are found on
levees that are flooded only at
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flows greater than 80,000 ft3/s
(fig. 31B). Formation of these
high levees occurs when alluvial
flow of relatively high velocity
leaves the main channel and enters
the floodplain. The water slows
down quickly as it enters the for-
est and immediately drops the
coarse-grain component of its sed-
iment load, forming a sandy levee
adjacent to the main river channel.
Sandy levees also border a few of
the larger floodplain streams with
high flow velocities.



In addition to riverbank and
streambank levees, an estimated
500 acres of sandy soils is found



Figure 31. Area of connected aquatic habitat with silt-clay, sandy, and
organic soils in the nontidal Apalachicola River floodplain in relation to flows
ranging from (A) 2,000 to 14,000 cubic feet per second and (B) 5,000 to
200,000 cubic feet per second.
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in the beds of some floodplain
streams. Streams observed in this
study that had relatively high
velocities (1 ft/s or greater) during
low or medium flows, had 30 to
100 percent of their beds com-
posed of sandy soils. Streams with
little or no velocity during low and
medium flows had silt-clay beds
with no sand either in the beds or
along their banks. The flows at
which streams with sandy stream-
beds are connected to the main
river channel vary greatly. About
50 acres of sandy-bottom streams,
such as Flat Creek and Swift
Slough, is connected at a river



flow of 6,000 ft3/s (fig. 31A).
Some streams, like Sand Slough
(fig. 19) are dry during low flows
and do not become connected and
flowing until medium or higher
flows.



Organic soils are found on
about 2,700 acres (3 percent of the
floodplain). Most of the organic
soils in the floodplain are found in
large tupelo-cypress swamps in
the upper reach. These areas are
(1) isolated from the river at very
low, low, and medium flows,
(2) connected to the main channel
when flows reach 30,000 to
40,000 ft3/s (fig. 31B), and (3) do
not experience high velocities
even during floods. When these
swamps are isolated from the main
channel, rate of litter decomposi-
tion in still-water ponds decreases
as the amount of oxygen in the
stagnant water decreases. The
result is a build-up of organic mat-
ter. During floods, these areas do
not have velocities high enough to
scour the floor of the swamp and
remove the organic build-up. This
lower velocity may be due to their
large, flat basin-like shape or their
location outside of the higher
velocity corridors of flow in the
floodplain.



The large tupelo-cypress
swamp in the vicinity of Beaver-
dam Creek in the upper reach is an
example of a wet depression with
organic soils that is pooled and
isolated from the main channel
during low and medium flows.
Flows of about 31,000 ft3/s are
required to connect this swamp to
the main channel. At a flow of
57,800 ft3/s, the average velocity
in this swamp was 0.03 ft/s; at
87,900 ft3/s, the average velocity
was still quite low at 0.17 ft/s
(Leitman and others, 1983,
fig. 25).
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Amount of Vegetative
Structure



Vegetative structure in
aquatic habitat provides food
sources, protective cover, and
reproductive sites for fishes and
aquatic invertebrates. Generally,
floodplain habitat that is terrestrial
most of the time, such as mixed
bottomland hardwoods, has more
vegetative structure than habitat
that is primarily aquatic. When
floodplain forests are inundated,
large amounts of vegetative struc-
ture become available to aquatic
organisms.



The amount of vegetative
structure measured in floodplain
forests and on the sloping banks of
floodplain streams in this study was
moderate to high (greater than
15 percent) compared to that of
floodplain streambeds which was
usually low (less than 15 percent).
However, in one-tenth of the total
length of streambed cross sections,
vegetative structure was moderate
to high. Low velocities in flood-
plain streams allow woody debris
to collect in parts of streambeds
(figs. 9, 12, and 13), and live vege-
tation such as tupelo and cypress
trees sometimes grow in floodplain
streambeds (fig. 18). Comparable
measurements of vegetative struc-
ture in the bed of the main channel
were not made in this study; how-
ever, because water velocities are
considerably higher in the main
channel than in most floodplain
streams, vegetative structure in the
bed of the main channel is probably
lower than that in streambeds in the
floodplain. In a study of large river-
floodplain systems by Power and
others (1995), main channel struc-
ture was estimated to be 5 percent
at low flow, decreasing at higher
flows as debris was dislodged and
washed away.



At river flows less than
9,000 ft3/s, most of the connected
aquatic habitat is confined to stre-
ambeds and is consequently low in
structure (fig. 32A). When water
levels in floodplain streams rise out
of their beds onto the sloping banks
and into bordering swamp forests,
the amount of vegetative structure
in connected aquatic habitat
increases greatly. This increase in
structure in connected aquatic habi-
tat begins at flows greater than
10,000 ft3/s; and at 16,000 ft3/s,
about 3,800 acres of aquatic habitat
with moderate to high structure is
connected to the main channel
(fig. 32B). As the river continues to
rise, the amount of vegetative
structure available to aquatic
organisms increases greatly as
large areas of floodplain forest are
inundated (fig. 32C).



n the preceding sections, aquatic
habitat in the Apalachicola



River was described and quantified
in relation to river flow for the pur-
pose of determining changes in
habitat that may result from flow
alterations. Effects of these habitat
changes on biological communities
are also important to address in the
impact evaluation process. Of the
wide array of organisms that
depend on aquatic habitat, fishes
are probably the most well-known
group. Fish species that have been
collected in the floodplain of the
Apalachicola River are listed in
this section of the report. A review
of the literature of fishes in the
river floodplains of the eastern



FISHES IN RIVER FLOOD-
PLAINS OF THE EAST-
ERN UNITED STATES:
LITERATURE REVIEW



I



United States was conducted to
identify additional species that
probably inhabit the Apalachicola
River floodplain.



A total of 131 species of
freshwater and estuarine fishes
have been found in the freshwaters
of the Apalachicola River or the
lower Chipola River downstream
of Dead Lakes (Livingston and
others, 1977; Yerger, 1977; Bass,
1983; Ager and Land, 1984; Ager
and others, 1985; Edmiston and
Tuck, 1987; Hill and others, 1990;
Light and others, 1993). Of this
total, 40 species are euryhaline
estuarine fishes that have been
found only in the freshwater tidal
part of the lower Apalachicola
River and its distributaries. These
40 species are not addressed in this
report. The remaining 91 species
are known to inhabit the nontidal
Apalachicola or lower Chipola
Rivers. Of these 91 species, 65 are
freshwater species that are strictly
intolerant of salt water, and
26 species are either freshwater
species that can tolerate some salt
water or euryhaline estuarine spe-
cies that occur in the nontidal river
(Yerger, 1977).



Eighty percent, or 73 of the
91 species collected in the
Apalachicola River, are known to
occur in river floodplains of the
eastern United States (table 8).
Fifty-one of these species have
been collected in the Apalachicola
River floodplain (22 common or
abundant, 29 collected in low num-
bers), and an additional 22 species
have been found in other river
floodplains of the eastern United
States. Collections of Apalachi-
cola River floodplain fishes have
been conducted primarily in one
type of habitat (connected streams
with sluggish flow) using one
collection method (electrofishing).











46 Aquatic Habitats in Relation to River Flow in the Apalachicola River Floodplain, Florida



Figure 32. Area of connected aquatic habitat with low and moderate to high
amounts of vegetative structure in the nontidal Apalachicola River floodplain in
relation to flows ranging from (A) 2,000 to 9,000 cubic feet per second;
(B) 2,000 to 16,000 cubic feet per second; and (C) 5,000 to 200,000 cubic
feet per second.



92 3 4 5 6 7 8



FLOW OF APALACHICOLA RIVER AT CHATTAHOOCHEE,
IN THOUSAND CUBIC FEET PER SECOND



FLOW OF APALACHICOLA RIVER AT CHATTAHOOCHEE,
IN THOUSAND CUBIC FEET PER SECOND



FLOW OF APALACHICOLA RIVER AT CHATTAHOOCHEE,
IN THOUSAND CUBIC FEET PER SECOND



1,000



800



600



400



200



0A
R



E
A



O
F



A
Q



U
AT



IC
H



A
B



IT
AT



,
IN



A
C



R
E



S
A



R
E



A
O



F
A



Q
U



AT
IC



H
A



B
IT



AT
,



IN
A



C
R



E
S



A
R



E
A



O
F



A
Q



U
AT



IC
H



A
B



IT
AT



,
IN



A
C



R
E



S



Total



Total



Total



Low amount of vegetative structure
(less than 15%)



Low amount of vegetative structure
(less than 15%)



Low amount of vegetative
structure (less than 15%)



Moderate to high amount of vegetative
structure (more than 15%)



Moderate to high amount of vegetative
structure (more than 15%)



Moderate to high amount
of vegetative structure
(more than 15%)



AQUATIC HABITAT CONNECTED
TO MAIN CHANNEL



A



AQUATIC HABITAT CONNECTED
TO MAIN CHANNEL



AQUATIC HABITAT CONNECTED
TO MAIN CHANNEL



162 4 6 8 10 12 14



7,000



6,000



5,000



4,000



3,000



2,000



1,000



0



B



C



5 7 20010 20 30 40 50 70 100



100,000



80,000



60,000



40,000



20,000



0











Fishes in River Floodplains of the Eastern United States: Literature Review 47



Table 8. Occurrence of Apalachicola River fish species in river floodplains of the eastern United States
[Sources include Baker and others, 1991; Bass and Hitt, 1973; Beecher and others, 1977; Finger and Stewart, 1987; Foster and others, 1988; Guillory, 1979;
Holder, 1971b; Killgore and Baker, 1996; Knight and others, 1991; Kwak, 1988; Leitman and others, 1991; Light and others, 1995; Ross and Baker, 1983;
Walker and Sniffen, 1985. Excludes estuarine species that are restricted to the lower Apalachicola River. Excludes tidal floodplain habitats.  Common or
abundant, 1 percent or greater by number; low numbers, less than 1 percent by number]



1Collected in isolated water bodies in river floodplains of eastern United States (from Light and others, 1995, app. III).
2Evidence of use of floodplain habitats for reproduction (spawning, larval, or young-of-the-year fishes collected) in river floodplains of eastern United



States (from Light and others, 1995, app. III; and Killgore and Baker, 1996).



Occurrence in floodplain of
Apalachicola or other rivers



of eastern United States
 Species of fishes known to inhabit the Apalachicola River



Number
of



species



Common or
abundant in
Apalachicola
floodplain
collections



Spotted gar1,2



Bowfin1,2



American eel
Gizzard shad2



Threadfin shad2



Common carp2



Golden shiner1,2



Bluestripe shiner



Taillight shiner1,2



Blacktail shiner2



Spotted sucker1,2



Pirate perch1,2



Mosquitofish1,2



Brook silverside1,2



Okefenokee
     pygmy sunfish1



Redbreast sunfish
Warmouth1,2



Bluegill1,2



Redear sunfish1,2



Spotted sunfish1



Largemouth bass1,2



Black crappie1,2



22



Collected in low numbers
in Apalachicola
floodplain



Longnose gar1,2



Skipjack herring
Redfin pickerel1,2



Chain pickerel1



Pugnose minnow1,2



Redeye chub
Coastal shiner
Weed shiner
Bandfin shiner
Lake chubsucker2



Grayfin redhorse



Snail bullhead
Yellow bullhead1,2



Brown bullhead1,2



Channel catfish2



Spotted bullhead
Atlantic needlefish
Eastern starhead
     topminnow
Blackspotted
     topminnow1,2



Bluefin killifish1



Least killifish1,2



Sunshine bass
Flier1,2



Everglades pygmy sunfish
Orangespotted sunfish1



Dollar sunfish
Blackbanded darter2



Striped mullet
Hogchoker



29



Present in floodplains
of other rivers of
eastern United States;
presence in Apalachicola
floodplain probable



Silverjaw minnow
Bannerfin shiner
Bluenose shiner
Quillback
White catfish
Black madtom
Tadpole madtom1,2



Speckled madtom
Flathead catfish
Golden topminnow1



Pygmy killifish
White bass2



Striped  bass
Banded pygmy
     sunfish1,2



Bluespotted sunfish1,2



Banded sunfish
Green sunfish1



Spotted bass
Brown darter
Swamp darter
Gulf darter2



Sauger



22



No documented
occurrences in floodplains
of other rivers of
eastern United States;
presence in Apalachicola
floodplain uncertain



Southern brook
     lamprey
Gulf of Mexico
     sturgeon
Alabama shad
Clear chub
Ironcolor shiner



Dusky shiner
Sailfin shiner
Longnose shiner
Flagfin shiner
Creek chub
Banded topminow
Shadow bass



Shoal bass
Florida sand darter
Goldstripe darter
Yellow perch
Mountain mullet
Southern flounder



18



Number of species known to inhabit the Apalachicola River 91
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Most of the 22 additional species in
table 8 that were present in other
river floodplains would probably be
found in the Apalachicola River
floodplain if more comprehensive
sampling was conducted in other
types of habitat using a variety of
collection methods. For example, in
other river floodplains, white cat-
fish, three species of madtoms
(black, tadpole, and speckled), and
small centrarchids such as banded
pygmy sunfish and bluespotted sun-
fish were frequently collected with
seines, dip nets, traps, and rotenone
(Holder, 1971; Ross and Baker,
1983; Walker and Sniffen, 1985;
Finger and Stewart, 1987; Kwak,
1988; Baker and others, 1991;
Knight and others, 1991; Leitman
and others, 1991). Information on
river floodplain fishes in the eastern
United States in table 8 was summa-
rized from 14 sources, one of which
(Baker and others, 1991) summa-
rized floodplain collections in the
lower Mississippi River from more
than 70 sources of information.



The fish communities of
relatively large streams with
sluggish flow in the Apalachicola
River floodplain have been well-
documented by the Florida Game
and Fresh Water Fish Commission.
Forty-four species were collected
during low flows in the following
six floodplain streams when they
were connected to the main channel:
Iamonia Lake, Equaloxic Creek,
Florida River, River Styx, Kennedy
Creek, and Owl Creek (Hill and oth-
ers, 1990; Light and others, 1995,
app. II). The most frequently col-
lected species (in order from most to
least common) were bluegill, brook
silverside, bowfin, largemouth bass,
spotted gar, redear sunfish, spotted
sucker, warmouth, American eel,
and redbreast sunfish.



More swiftly flowing streams
such as Flat Creek, Middle Slough
(connected to Iamonia Lake), and
Swift Creek (connected to River
Styx) probably support common
Apalachicola River species such as
gizzard shad, threadfin shad, weed
shiner, blacktail shiner, spotted
sucker, bluegill, largemouth bass,
redear sunfish, and redbreast sunfish,
as well as fishes that prefer smaller
streams such as flagfin shiner, band-
fin shiner, and Gulf darter (Lee and
others, 1980). The fish communities
of these streams are relatively
undocumented, with the notable
exception of striped bass. The
Apalachicola River system harbors
the last remaining native population
of Gulf race striped bass in the
Southeast (Wooley and Crateau,
1983). Flowing streams in the flood-
plain that have cool water from
springs or ground-water seepage are
thermal refuges that are critical to
the survival in summer of adult
striped bass, which cannot tolerate
the warmer waters of the main chan-
nel (Moss, 1985; Coutant, 1987; Van
Den Avyle and Evans, 1990). Sam-
pling efforts by the Florida Game
and Fresh Water Fish Commission
confirm that striped bass use more
than a dozen flowing streams in the
upper reach of the Apalachicola
River floodplain as thermal refuges
(Charles Mesing, FGFWFC, written
commun., 1995). Entrenchment in
the upper reach of the river has low-
ered river stages and greatly
decreased fish access to these flow-
ing streams during low flows
(fig. 30).



Isolated water bodies in the
floodplain are primarily still-water
habitats with shallow waters (less
than 3 ft deep) that support fish
communities distinctly different
from deep, flowing waters of the
main channel (Baker and others,



1991). A total of 31 species, identi-
fied on table 8, are known to inhabit
isolated aquatic habitat in river
floodplains of the eastern United
States, the most common being red-
fin pickerel, golden shiner, taillight
shiner, yellow bullhead, pirate
perch, mosquitofish, least killifish,
flier, banded pygmy sunfish, war-
mouth, bluegill, and black crappie
(Kwak, 1988; Baker and others,
1991; Leitman and others, 1991;
Light and others, 1995). Most or all
of these species would probably be
found in the Apalachicola River
floodplain with expanded collection
efforts. A few of these species may
be almost entirely dependent on
floodplain habitats, residing year-
round in still-water habitats of the
floodplain and rarely entering the
main channel. Species that primarily
inhabit isolated aquatic habitats in
the floodplain have been known to
tolerate dissolved oxygen concen-
trations less than 1 ppm (Leitman
and others, 1991).



Many main channel fishes
exploit inundated floodplain
habitats during high flows; these
habitats are primarily flooded
forests, with a relatively small per-
centage of the total area being
flooded streams and lakes. All
73 species that have been collected
in the river floodplains of the eastern
United States under various hydro-
logic conditions (table 8), are proba-
bly present on those floodplains
during floods. (A total of 64 species
have been collected on inundated
floodplains during high water (Light
and others, 1995, app. III); the
remaining 9 species found in con-
nected streams and isolated ponds
probably remain on the floodplain
during floods, but have not yet been
collected there at high water.) The
extent of flood exploitation was sim-
ilar on the adjacent Ochlockonee
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River (fig. 1) where 75 percent of the
known main channel species was
collected in the floodplain during
floods (Leitman and others, 1991).



Fishes use floodplains to
fulfill basic needs for food, shelter
from predators, and reproduction
(Baker and others, 1991; Wharton
and others, 1981, 1982). Several
studies of southeastern rivers
reviewed by Wharton and others
(1981) have documented feeding
on floodplains as evidenced by
terrestrial invertebrates in the stom-
achs of fishes collected on inun-
dated floodplains. The abundant
vegetative structure in floodplain
habitat such as snags, stumps,
debris, grasses, and shrubs provide
excellent shelter from predators
(Aggus and Elliott, 1975; Savino
and Stein, 1982; Benke and others,



Table 9. Summary of areas of aquatic habitat in the floodplain that are connected to the main channel of the Apalachicola
River in relation to flows ranging from 4,000 to 16,000 cubic feet per second
[These data are presented in graphical form for a wider range of flows in figures 25-32; <, less than; >, greater than; >, greater than or equal to; ft, feet;
%, percent]



Flow at
Chatta-



hoochee
gage,



in
cubic
feet
per



second



Area of aquatic habitat in the floodplain that is connected to the main river channel at or above given flow value, in acres
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reach
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entrenched
conditions
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Flowing water
with 2-way



connection in
upper reach



under
entrenched
conditions



(and prior to
entrenchment)



General soil type Vegetative
structure



Small
fishes



(depths
>0 ft)



Medium
fishes



(depths
>1 ft)



Large
fishes



(depths
>3 ft) Si



lt-
cl



ay



Sa
nd



y



O
rg



an
ic



Low
(<15%)



Moder-
ate to
high



(>15%)



4,000 12 (32)  47  100 160 0 158 160 120 87 150 4.3 0.3 (17) 150 3.7 0 150 13



5,000  17 (43)  61  190  260 0 263 260 150 110  250 12 5.5 (25) 230 36 0 250 15



6,000  24 (52)  75  230  330 0 329 330 250 110 300 33 12 (33) 280 50 0 310 24



7,000  24 (55)  96  290  410 17 394 410 300 120 370 46 12 (33) 350 57 0 380  26



8,000 31 (60)  320  390  740 81 661  740 380 150 660 86 17 (33) 680 67 0 700 45



9,000  33 (63)  380  570  970 200 778 970 600 220 780 190 19 (33) 890 83 0 910 65



10,000  36 (70)  400  630 1,100 210 856 1,100 780 280 810 250 20 (34) 970 90 0 980 87



 11,000 51 (83)  620  720 1,400 420 974 1,400 1,000 340 950 450 34 (34) 1,300 97 3.2 1,200 190



 12,000  52 (91)  850  950 1,900 740 1,120 1,900 1,200 580 1,100 770 35 (35) 1,700 100 14 1,400 450



 13,000  54 (99) 1,100  1,200 2,300 1,100 1,210 2,300 1,300 680 1,400 870 36 (43) 2,100 110 26 1,600 710



 14,000  56 (110) 1,400  1,600 3,000 1,700 1,320 3,000 1,800 810 2,100 950 36 (53) 2,900 120 49 1,900 1,200



 15,000  62 (200) 1,800  3,100 4,900 3,500 1,420 4,900 2,000 880 3,800 1,100 42 (63) 4,700 130 100 2,500 2,400



 16,000  63 (290) 2,600  4,300 7,000 5,500 1,510 7,000 2,600 1,100 5,800 1,200 42 (66) 6,700 130 170 3,200 3,800



1985; Harmon and others, 1986).
Evidence of reproduction on other
river floodplains indicate that at
least 33 Apalachicola River species
(identified on table 8) may use
floodplain habitats for spawning or
nursery grounds (Guillory, 1979;
Finger and Stewart, 1987; Leitman
and others, 1991; Killgore and
Baker, 1996).



educed flows in the Apalachi-
cola River may result from



increased use of water upstream in
the Chattahoochee and Flint River
Basins or when flows are regulated
for navigation. Understanding the



APPLICATION OF
STUDY RESULTS



R



impacts of these flow alterations is
important in long-term mainte-
nance of wetland functions in the
floodplain. The results of this study
can be used to assess the effects of
flow alterations on the area of vari-
ous types of aquatic habitats in the
floodplain of the Apalachicola
River. Changes in the types and
amount of aquatic habitats are
widely known to produce changes
in biotic communities (Gorman and
Karr, 1978; Baker and others,
1991). Habitat-based evaluations
are frequently used to assess envi-
ronmental impacts (Bovee, 1982).



Flow reductions that occur
when flows are less than 16,000 ft3/s
will result in a decrease in area of
most types of connected aquatic
habitat in the floodplain in most
reaches of the river (table 9).
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However, the specific effects of flow
reductions vary with the range of
flows at which the reduction occurs.
For example, a flow reduction of
1,000 ft3/s will decrease the area of
aquatic habitat connected to the
main channel in the entire nontidal
river about 105 acres if the reduc-
tion is from 5,000 to 4,000 ft3/s;
about 331 acres if the reduction is
from 8,000 to 7,000 ft3/s; and about
2,090 acres if the reduction is from
16,000 to 15,000 ft3/s. Generally,
when flows are between 4,000 and
16,000 ft3/s, much larger areas of
connected aquatic habitat are
affected by flow reductions occur-
ring at higher flows within that
range than at lower flows. How-
ever, it would be misleading to
conclude from this statement that
flow alterations occurring at lower
flows have less impact than those
occurring at higher flows. Decrease
in total area of aquatic habitat is an
important measure of the impact of
flow alterations; however, relatively
small decreases in a particular type
of habitat can be important to cer-
tain species, especially at low flows
when that type of habitat is already
scarce. For example, cool-water
streams in the floodplain of the
upper reach of the Apalachicola
River are important thermal refuges
for striped bass. Entrenchment in
the upper reach of the river has
lowered river stages and greatly
decreased 2-way access for fishes to
flowing streams in the upper reach
during low water periods (table 9),
many of which are thermal refuges
for striped bass. The amount of
these habitats remaining at low
flows is already low; thus, even
relatively minor flow reductions
during low flows may have a large
impact on striped bass if cool-water
streams used for thermal refuges
are affected.



A few other examples from
table 9 illustrate how the specific
effects of flow reductions will vary
with the range of flows at which the
flow reduction occurs. Flow reduc-
tions that occur when flows are less
than 5,000 ft3/s will nearly elimi-
nate aquatic habitat having sandy
soils in the floodplain that is con-
nected to the main channel. Flow
reductions that occur when flows
are between 6,000 and 9,000 ft3/s
will reduce the area of connected
aquatic habitat in forests when the
area of that habitat is already less
than 200 acres. Flow reductions
that occur when flows are between
10,000 and 16,000 ft3/s will greatly
reduce the number of acres of con-
nected aquatic habitat with moder-
ate to high vegetative structure.



Flow alterations that
occurred in the Apalachicola River
during 1990-95 are used in the
following discussion as examples to
show how the results of this investi-
gation can be used to determine the
effects of flow alterations on habitat
area. The USACE regulated flows
to create 16 navigation windows
from 1990 to 1995 to increase the
amount of time that barge traffic
could navigate on the Apalachicola
River (app. III). Immediately prior
to each navigation window was a
prewindow period in which water
was stored in several of the
upstream USACE reservoirs for an
average of 15 days. During the
navigation window, stored water
was released at a consistent rate
sufficient to support navigation by
barges. The transition period
between the prewindow and win-
dow was typically a 1-day period of
rapidly increasing flow. The effects
of flow augmentation have not been
taken into account with regard to
the average flows in appendix III;
these flows were averaged from



actual flows that occurred on the
dates indicated.



Flows during the period
October 23-November 24, 1990,
which included one prewindow
period and its corresponding win-
dow, were selected for use as a
specific example in this discussion
and are shown in the green shaded
area in table 10. The prewindow
period included in this example
has the lowest average flow of all
prewindow periods (app. III).
Flows during the previous window
and subsequent prewindow are
shown outside the shaded area. The
area of connected aquatic habitat in
the floodplain was reduced by about
1,700 acres in a 3-day period (Octo-
ber 20-23) as the previous window
ended and the prewindow period
began. After the 19-day prewin-
dow period ended on November 10,
the area of connected aquatic habi-
tat increased by about 1,900 acres
in a 2-day transition period. After
the 13-day window period ended on
November 24, the area of connected
aquatic habitat decreased again by
about 1,800 acres in a 2-day period
as the next prewindow period
began. If the window had not been
implemented, the area of aquatic
habitat connected to the main
channel for the prewindow and
window period from October 23 to
November 24 would have averaged
about 910 acres (based on the aver-
age flow for that 33-day period). As
a result of this flow alteration, there
was about 590 fewer acres of con-
nected aquatic habitat during the
prewindow period than there would
have been if the window had not
been implemented. Also there was
about 1,300 more acres of con-
nected aquatic habitat during the
window than there would have been
if the window had not been imple-
mented.











Application of Study Results 51



Documenting the impacts of
flow alterations on biota involves
diverse and complex investiga-
tions that are beyond the scope of
this study. However, some possi-
ble impacts on fishes are described
in the following discussion and
might serve as a basis for further
research. Probably 80 percent of
fish species known to inhabit the
Apalachicola River use floodplain
habitats as a source of food, shelter,
or reproductive sites. In addition to
590 fewer acres for 19 days from
October 23 to November 10, two
other prewindow periods occurred
in the fall of 1990, resulting in a
total of 54 days in which there was
an average of 540 fewer acres of
connected aquatic habitat available
to main channel fishes than if the
windows had not been imple-
mented (19 additional days with
400 fewer acres, and 16 additional
days with 650 fewer acres, as inter-
polated from table 9 using flows
from appendix III). A reduction in
habitat of this magnitude and dura-
tion means that food sources were
reduced for many main channel
fishes in 1990, which may have
affected both the survival rate of



Table 10. Area of aquatic habitat in the floodplain that is connected to the main channel of the Apalachicola River at flows
preceding, during, and after a navigation window and at estimated flows if the window had not been implemented
[Green shaded rows give data for the period October 23–November 24, 1990, which is used as an example in the text. Data for the transition period of
1 day are not shown. Average flow for the total period (in italics) represents the estimated flow that may have occurred during the prewindow, transition,
and window periods if the window had not been implemented. Nonshaded rows give data for the previous window and and the next prewindow. Dates
and flows for all periods were determined from daily mean flows at the Chattahoochee gage]



Period Dates
Average flow at



Chattahoochee gage
during indicated period,
in cubic feet per second



Area of aquatic habitat in
floodplain that is connected
to main channel at or above



indicated flow value,
in acres



Previous window (water release period) Oct. 15–20, 1990 12,300 2,000



Prewindow (water storage period) Oct. 23 – Nov. 10, 1990 5,900 320



Total period (prewindow, transition, and window periods
combined)



Oct. 23 – Nov. 24, 1990 8,720 910



Window (water release period) Nov. 12–24, 1990 12,900 2,200



Next prewindow (water storage period) Nov. 26 – Dec. 11, 1990 6,690 390



some fishes as well as spawning
success for certain species the
following winter and spring. Pro-
tection from predation was proba-
bly compromised also; fishes were
concentrated into less space during
prewindows which may have
affected survival rates for many
juvenile fishes. Most fishes spawn
in late winter, spring, or summer;
however, a few species such as
redfin pickerel and chain pickerel
sometimes spawn in the fall (Lee
and others, 1980). For those
species, reduced habitat during
prewindows meant that area avail-
able for spawning was reduced in
1990. Nine of the 16 prewindows
from 1990 to 1995 (app. III)
occurred in spring or summer, and
probably affected the availability
of spawning sites as well as the
survival rate of larval fishes for
many species that are spring or
summer spawners.



Of the 590 fewer acres of
connected aquatic habitat available
to main channel fishes during the
prewindow, an estimated 60 per-
cent was habitat that was drained of
all standing water and eliminated
as aquatic habitat for fishes.



Drained areas with no standing
water included low forest areas,
dry streambeds, and the exposed
parts of streambeds that were par-
tially dry and partially covered
with isolated pools in streams such
as Johnson Creek (fig. 12), Old
River, and Moccasin Slough. The
remaining 40 percent was aquatic
habitat that was disconnected from
the main channel and no longer
accessible to main channel fishes.
These disconnected aquatic
habitats include large isolated bod-
ies of water such as Iamonia Lake
(fig. 15) and Kennedy Slough (a
tributary of Kennedy Creek), as
well as many small isolated pools
in partially dry streambeds. Field
observations made by the authors
in this and a previous study
(Leitman and others, 1991)
indicate that fishes are frequently
trapped in isolated pools that can
develop stagnant conditions shortly
after they are disconnected. Oxy-
gen demand exceeds oxygen sup-
ply when organisms are trapped
and concentrated into small areas;
the result can be very low dissolved
oxygen concentrations, especially
during hot weather.
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During November 24-26,
1990, river levels at the end of a
navigation window and the start of
the next prewindow period dropped
very rapidly, with flows decreasing
by 6,210 ft3/s in a 2-day period.
Species such as taillight shiner,
flier, and warmouth that are known
to inhabit isolated pools, may not
be adversely affected by being
trapped during prewindows
because they are adapted to low
dissolved oxygen concentrations.
Many other species use the flood-
plain that may either prefer flowing
waters or be sensitive to low dis-
solved oxygen concentrations, such
as redbreast sunfish, Gulf darter,
and blackbanded darter. Less toler-
ant species are also likely to be
trapped in isolated pools, espe-
cially if river levels were consis-
tently higher in a previous window,
and then drop rapidly to very low
levels. Many fishes may succumb
to the adverse conditions, or they
may be stressed by crowding, low
dissolved oxygen, and high tem-
peratures and become vulnerable to
infection. Columnaris, a disease of
fishes that was implicated in a fish
kill that occurred in summer 1995
in the Apalachicola River (Charles
Mesing, FGFWFC, written com-
mun., 1995), is caused by a ubiqui-
tous bacterial organism that is
common in the water, soil, and
even on the skin of healthy fish.
Columnaris disease “is thought to
result more from stress factors
which adversely affect the fishes’
natural defense mechanisms, than



from the presence of the bacteria”
(Francis-Floyd, 1988).



Assessing impacts of flow
alterations is complicated by the
fact that large and sometimes rapid
fluctuations in flow occur naturally
in the Apalachicola River. Low
flows are a relatively common
occurrence in summer and fall
under unregulated conditions, and
frequent storms at that time of year
may cause rapid increases and
decreases in river flow. Determin-
ing how river level fluctuations
when flows are regulated for navi-
gation windows differ from the
fluctuations that might have
occurred if the windows had not
been implemented is an important
component in evaluating the
impacts of this flow alteration. The
19-day prewindow from October
23 to November 10, 1990, shown
in table 10 included 12 consecutive
days in which the flow was less
than 6,000 ft3/s. In that climatic
year (March 1, 1990–April 30,
1991) flows below 6,000 ft3/s
occurred only during prewindow
periods. Flows below 6,000 ft3/s
for a duration of 12 consecutive
days have occurred in only 10 per-
cent of the years 1922-95 (table 2)
which in unregulated streams
would be equivalent to once every
10 years on average. Thus a low-
flow event of this type is relatively
infrequent in the period of record,
and would probably not have
occurred in 1990 if navigation
windows had not been imple-
mented. If flow regulation to pro-
vide navigation windows for barge



traffic continues to be used in dry
years, the durations presented in
table 2 will likely change for low
and very low flows. Multiple-year
and monthly flow characteristics
also will probably change. Flows
below 6,000 ft3/s for a duration of
12 consecutive days have never
occurred each year for more than 2
consecutive years (table 3), and
have never occurred in the months
of December through July
(table 4). Continued use of naviga-
tion windows may change other
characteristics of the flow record
that were not analyzed in this
report, such as the number of times
in the driest months of September,
October, and November that flows
increase or decrease by 6,000 ft3/s
in a period of 0 to 3 days.



As the preceding discussion
implies, a thorough evaluation of
the impacts of navigation windows
or of any other type of flow alter-
ation would require additional
study which is beyond the scope of
this investigation. One particular
navigation window was used as an
example in table 10; other naviga-
tion windows and other types of
flow alterations would result in
different effects. This report pro-
vides detailed information for
determining the effects of altered
flows on types and extent of
aquatic habitat. Other important
components of impact analysis
include studies addressing effects
of altered flows on biotic commu-
nities and comparisons of altered to
historical flows.
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he Apalachicola River is a
large alluvial river in northern



Florida formed by the confluence
of the Chattahoochee and Flint
Rivers in Georgia and Alabama.
Increasing demands for water in
the three States have resulted in
conflicts, particularly during
droughts. Water requirements of
the Apalachicola River are
addressed in this report, which
presents information on aquatic
habitat in the floodplain in relation
to river flow. Results of this inves-



SUMMARY AND CONCLUSIONS



T tigation can be used to evaluate
potential impacts of flow alter-
ations on floodplain habitat.
Specific items covered in this
report are (1) an analysis of long-
term flow record in the Apalachi-
cola River, (2) a description of the
major types of floodplain streams,
lakes, and swamps in relation to
river flow, (3) estimates of the area
of several different types of flood-
plain habitat in relation to river
flow, (4) information about the
species of fishes that occur in the



floodplain, and (5) examples
showing how these results can be
used to assess impacts of flow
alterations on aquatic habitats and
fishes in the Apalachicola River
floodplain. The study was con-
ducted from 1992 to 1996 in the
nontidal floodplain of the Apalach-
icola River. Hydrologic analyses
were based on 74 years of river
stage and flow records (1922-95) at
Chattahoochee, Fla. All flows in
the following summary refer to
flows at the Chattahoochee gage.



Principal conclusions relating to the first four items are grouped by the following general flow ranges:



Very low flows (less than 6,000 ft3/s)



• Very low flows occurred in 15 of the 74 years of record. Flows less than 5,000 ft3/s occurred in only 4 years
(1981, 1986, 1987, and 1988). The lowest mean daily flow in the period of record was 3,900 ft3/s in
November 1987. The droughts of the 1980’s were the most severe in terms of low-flow durations in a single
year; however, the 1950’s drought was drier in terms of multiple-year low-flow durations.



• At a river flow of 5,000 ft3/s, an estimated 260 acres of floodplain streams and lakes is aquatic habitat
connected to the main channel, most of which is still-water habitat in the nontidal lower reach. The lower
reach has many streams and lakes, such as Owl Creek and Lockey Lake, with bottom elevations below sea
level and deep connections to the main channel at very low flows.



• In the upper reach, entrenchment that occurred after construction of Jim Woodruff Dam lowered bed eleva-
tions and river stages and altered connections between floodplain streams and the main channel. Many peren-
nial streams in the upper reach, such as Flat Creek and Mosquito Creek, which were accessible to main
channel fishes at low and very low flows prior to entrenchment, are now inaccessible because of waterfalls or
very shallow water at their mouths.



• At a river flow of 5,000 ft3/s, about 77,900 acres (95 percent of the floodplain) is forest habitat with no
surface water present. Major forest types are tupelo-cypress and mixed bottomland hardwoods; surface soils
are predominantly silt-clays.



• At a river flow of 5,000 ft3/s, about 4,000 acres (5 percent of the floodplain) is isolated aquatic habitat. Most
of these areas are tupelo-cypress swamps with standing water less than 3 ft deep. The pond level in some
isolated swamps in the upper reach can be perched as much as 12 ft above the elevation of the low-water
surface of the river.



• About one-third of the 91 fish species known to inhabit the Apalachicola River have been collected in
isolated aquatic habitat in river floodplains of the eastern United States; the most common being redfin pick-
erel, golden shiner, taillight shiner, yellow bullhead, pirate perch, mosquitofish, least killifish, flier, banded
pygmy sunfish, warmouth, bluegill, and black crappie.
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Low flows (6,000–10,000 ft3/s)



• Low flows occur in most years. The median annual 1-day low flow for the period of record is 8,490 ft3/s.
Flows less than 8,000 ft3/s occurred in 34 of the 74 years of record. Low flows typically occur in September,
October, and November.



• At a river flow of 8,000 ft3/s, the estimated area of connected aquatic habitat in the floodplain is 740 acres.
Most of this area is located in tributary lakes, which are open bodies of water with little or no flow that are
affected by backwater from the main river channel. The largest tributary lakes are Iamonia Lake, Outside
Lake, and Florida River in the middle reach, and River Styx and Kennedy Creek in the nontidal lower reach.



• At a river flow of 8,000 ft3/s, the area of still-water habitat (660 acres) greatly exceeds the area of flowing
water habitat (86 acres). Both still-water and flowing-water habitats in shallow floodplain water bodies
provide refuges for fishes from the deeper and more swiftly flowing waters in the main channel.



• At low flows, most of the connected aquatic habitat is confined to streambeds in which the amount of vegeta-
tive structure is lower than in other floodplain habitat, but probably higher than in the main channel.



• Forty-four fish species were collected in connected aquatic habitat in the Apalachicola River floodplain
during low flows, the most common being bluegill, brook silverside, bowfin, largemouth bass, spotted gar,
redear sunfish, spotted sucker, warmouth, American eel, and redbreast sunfish. These collections were made
in a previous study by the Florida Game and Fresh Water Fish Commission, primarily in large tributary lakes
connected to the main channel in the middle and lower reaches of the river.



Medium flows (10,000–20,000 ft3/s)



• Medium flows occur every year. The median flow for the period of record is 16,400 ft3/s. Flows less than
16,000 ft3/s do not normally occur in the wettest months of February, March, and April; flows greater than
16,000 ft3/s do not normally occur in the driest months of September, October, and November.



• At river flows above 10,000 ft3/s, the area of connected aquatic habitat increases more rapidly in forests than
in streams and lakes. At the median flow of 16,400 ft3/s, approximately 8,200 acres (10 percent of the flood-
plain) is connected aquatic habitat. Most of these areas are tupelo-cypress swamps bordering streams and
lakes in the middle and nontidal lower reaches that are inundated by backwater from the main channel.



• During medium flows, water in most of the connected aquatic habitat in forests is not flowing. Opportunities
for water to flow through floodplain forests are limited because the water is not yet high enough to break over
levees and ridges that control connections between different parts of floodplain.



• At a river flow of 19,000 ft3/s, most of the 230 miles of streams and lakes that are connected to the main chan-
nel is flowing. Tributary lakes of the middle and lower reach are still affected by backwater at this flow, but
are slowly flowing because a considerable amount of water from the main channel is being diverted into them
by way of connector streams. Bee Tree Slough and Mary Slough are examples of connector streams flowing
from the main channel into Iamonia Lake during medium river flows. Connector streams also carry water
from one tributary lake to another, such as Shepard Slough, which flows from River Styx to Kennedy Creek.
Loop streams such as Old River are fed by flow diverted from the main channel that flows for a few miles
through the floodplain and then back into the river farther downstream.



• The amount of vegetative structure in connected aquatic habitat is much greater during medium flows than
during low flows. This is because water is no longer contained in the beds of floodplain streams, but is cover-
ing vegetation and woody debris on streambanks and in adjacent swamps. Flooded vegetative structure
provides cover for prey refuges, food sources, and reproductive sites for fishes and aquatic invertebrates.
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Medium-high flows (20,000–50,000 ft3/s)



• Medium-high flows occur every year. In a typical year of the period of record, flows exceeded 20,000 ft3/s for
a total duration of 142 days and exceeded 45,000 ft3/s for 30 days. The lowest annual 1-day high flow was
24,300 ft3/s in 1941.



• As flows increase from 20,000 to 50,000 ft3/s, the area of connected aquatic habitat increases from about 19
to 82 percent of the floodplain. An estimated 40,700 acres, which is approximately one-half of the floodplain,
is connected aquatic habitat at a river flow of 32,000 ft3/s.



• At flows from 23,000 to 40,000 ft3/s, the area of flowing-water habitat is roughly equal to the area of still-
water habitat. Water velocities observed in most flowing-water habitats in the floodplain (less than 1 ft/s) are
much lower than velocities in the main channel (1-4 ft/s), with the exception of loop and connector streams
that carry river water at a relatively high velocity along a steeper course than the main channel.



• Nearly all aquatic habitat in tupelo-cypress swamps that is isolated at lower flows is connected to the main
channel between flows of 20,000 to 40,000 ft3/s. The flow required to flood isolated swamps decreases down-
stream, with river flows of 30,000 to 35,000 ft3/s required to flood most isolated swamps in the upper reach,
and 20,000 to 25,000 ft3/s required in the nontidal lower reach. Large areas of organic soils in isolated
swamps, which comprise about 3 percent of the floodplain, are connected to the main channel at medium-
high flows.



High flows (greater than 50,000 ft3/s)



• High flows occur in most years. The median annual 1-day high flow for the period of record was 86,200 ft3/s.
Flows above 100,000 ft3/s occurred in 25 of the 74 years of record. The highest mean daily flow was
291,000 ft3/s in March 1929.



• At the median annual 1-day high flow of 86,200 ft3/s, about 78,000 acres (95 percent of the floodplain) is
connected aquatic habitat. The remaining 4,200 acres of floodplain that is still dry and exposed at this flow is
mostly high levees adjacent to the main channel. Most of the 6,400 acres of sandy soils in the floodplain are
found on high levees.



• During high flows, water is moving through most of the floodplain in a general downstream direction. At a
flow of 65,000 ft3/s, more than 99 percent of the aquatic habitat in the floodplain is flowing.



• Many main channel fishes migrate into inundated floodplain forests where greatly increased food sources and
abundant vegetative structure are available to them. Eighty percent, or 73 of the 91 species known to inhabit
the Apalachicola River have been collected in river floodplains of the eastern United States under various
hydrologic conditions and are probably present in floodplains during floods.



The following are principal conclusions relating to the last item, application of study results to assess
impacts of flow alterations on aquatic habitats and fishes in the Apalachicola River floodplain:



• Flow reductions that occur when flows are less than 16,000 ft3/s will result in a decrease in area of most types
of connected aquatic habitat in the floodplain in most reaches of the river. Specific effects of flow reductions
vary with the range of flows at which the reduction occurs.



• Generally, when flows are between 4,000 and 16,000 ft3/s, much larger areas of connected aquatic habitat are
affected by flow reductions occurring at higher flows within that range than at lower flows. However, rela-
tively small decreases in a particular type of habitat can be extremely important to certain species, especially
during low flows when that type of habitat is already scarce. For example, the amount of flowing-water
habitat in streams of the upper reach is extremely small during low flows. Relatively minor flow reductions
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during low flows may have a large impact on striped bass if cool-water streams used for thermal refuges are
affected.



• Flow regulation to create navigation windows for barge traffic during the period October 23-November 24,
1990, was selected for use as an example period of altered flows. Flows decreased rapidly by 6,400 ft3/s
immediately prior to the prewindow period, flows increased rapidly by 7,000 ft3/s just prior to the window
period, and flows decreased rapidly again by 6,210 ft3/s immediately after the window. As a result of this
flow alteration, there was about 590 fewer acres of connected aquatic habitat during the prewindow period
than there would have been if the window had not been implemented. Also there was about 1,300 more acres
of connected aquatic habitat during the window than there would have been if the window had not been
implemented.



• Although detailing the effects of flow alterations on biota was beyond the scope of this study, some possible
impacts on fishes were described to provide suggestions for further evaluation and research. Reduced aquatic
habitat in the floodplain limits the amount of food, protective cover, and spawning sites for many species of
fishes that utilize these areas. When flows are reduced, some areas are drained of all standing water and
eliminated as aquatic habitat for fishes. Other habitat remains aquatic after flows decrease, but is discon-
nected from the main channel and can no longer be accessed by main channel fishes. Fishes are likely to be
trapped in isolated pools, especially if river levels drop rapidly, and may be subjected to crowded conditions
and low dissolved oxygen concentrations. Many fishes may succumb to the adverse conditions, or they may
be stressed and become vulnerable to infection.



• Assessing impacts of flow alterations is complicated by the fact that large and sometimes rapid fluctuations in
flow occur naturally in the Apalachicola River. A low-flow event of the type that occurred in the period of
flow regulation used as an example in this report occurred once every 10 years on average in the 74-year
period of record, and would probably not have occurred that year if navigation windows had not been imple-
mented. Continued use of navigation windows in dry years will likely change low flow characteristics of the
river and potentially affect biotic communities in the floodplain.



• To thoroughly evaluate the impacts of navigation windows or of any other type of flow alteration, it is impor-
tant to determine the types and extent of habitat affected, address impacts on biotic communities, and make
comparisons of altered to historical flows.
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Appendix I. Greatest number of consecutive days and total number of days in each year from 1922 to 1995 that flow was
below given flow values from 4,000 to 16,000 cubic feet per second in the Apalachicola River at Chattahoochee, Florida



A. GREATEST NUMBER OF CONSECUTIVE DAYS



[Analysis is based on climatic years of April 1–March 31 to avoid splitting low-flow periods that typically occur in summer and fall]



Year
Greatest number of consecutive days in indicated year that flow was below given flow value



4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000 16,000



1922 0 0 0 0 7 19 46 49 106 107 109 119 120



1923 0 0 0 0 0 0 8 28 31 36 36 60 75



1924 0 0 0 0 0 5 7 23 35 35 35 35 35



1925 0 0 57 63 98 101 104 106 156 156 164 208 210



1926 0 0 0 0 0 0 6 19 36 37 43 43 44



1927 0 0 3 66 88 97 98 99 107 109 109 111 118



1928 0 0 0 0 0 0 0 0 2 6 11 30 33



1929 0 0 0 0 0 0 4 6 14 26 28 33 34



1930 0 0 0 0 3 12 19 20 32 34 39 47 52



1931 0 0 32 58 95 101 103 106 109 109 111 205 207



1932 0 0 0 0 0 11 19 31 45 46 51 52 52



1933 0 0 0 0 6 43 84 110 121 163 166 192 217



1934 0 0 0 0 4 14 32 44 68 84 86 86 87



1935 0 0 5 30 39 46 49 54 57 60 61 62 111



1936 0 0 0 0 0 0 2 3 10 31 37 50 51



1937 0 0 0 0 0 0 0 3 6 18 32 33 47



1938 0 0 0 6 30 52 96 116 138 148 169 173 174



1939 0 0 0 0 0 10 57 62 73 79 80 83 85



1940 0 0 0 9 44 47 60 66 67 68 106 117 125



1941 0 0 1 40 52 89 96 104 120 121 123 128 128



1942 0 0 0 0 0 0 2 12 24 54 63 64 66



1943 0 0 0 0 2 30 43 45 78 79 128 129 132



1944 0 0 0 0 0 3 25 49 58 60 74 77 110



1945 0 0 0 0 0 0 2 9 10 24 27 28 56



1946 0 0 0 0 0 0 0 3 7 24 33 81 94



1947 0 0 0 0 0 0 4 12 37 61 67 70 70



1948 0 0 0 0 0 0 0 0 0 8 10 13 16



1949 0 0 0 0 0 0 0 0 2 19 36 37 39



1950 0 0 0 0 10 20 40 42 48 50 90 91 105



1951 0 0 0 28 36 51 54 77 78 80 81 225 226



1952 0 0 0 24 52 67 71 76 116 117 179 180 200



1953 0 0 0 0 0 0 6 12 22 38 53 54 55



1954 0 0 64 80 105 128 155 157 158 185 192 195 208



1955 0 0 53 70 85 93 170 175 177 178 183 183 189



1956 0 0 7 35 41 50 64 68 70 134 135 135 135
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1957 0 0 4 5 34 45 52 53 77 79 86 87 87



1958 0 0 0 0 2 7 24 55 66 107 109 128 134



1959 0 0 0 0 0 4 14 14 21 26 31 32 42



1960 0 0 0 0 0 2 8 11 35 43 109 111 112



1961 0 0 0 0 6 16 49 57 82 83 83 91 92



1962 0 0 0 2 5 16 32 43 105 131 136 137 138



1963 0 0 0 0 3 16 41 116 117 117 125 125 126



1964 0 0 0 0 0 0 0 0 1 2 3 5 8



1965 0 0 0 0 0 0 0 2 8 23 28 32 40



1966 0 0 0 0 0 0 0 2 24 34 59 59 60



1967 0 0 0 0 0 0 0 0 5 14 30 49 60



1968 0 0 0 3 30 57 76 76 161 166 210 210 211



1969 0 0 0 0 0 0 3 13 55 65 66 68 68



1970 0 0 0 0 0 0 4 13 33 49 54 57 57



1971 0 0 0 0 0 0 0 3 21 27 33 65 66



1972 0 0 0 0 0 0 34 72 93 113 116 117 122



1973 0 0 0 0 0 0 0 22 38 45 59 66 67



1974 0 0 0 0 0 0 0 29 73 73 77 77 78



1975 0 0 0 0 0 0 0 0 0 3 4 5 9



1976 0 0 0 0 0 0 0 0 8 16 35 41 64



1977 0 0 0 0 0 0 19 40 58 65 68 92 92



1978 0 0 0 0 0 36 80 97 112 118 131 131 137



1979 0 0 0 0 0 0 0 4 27 50 57 58 59



1980 0 0 0 0 0 6 153 162 177 208 209 209 220



1981 0 1 40 49 64 76 174 241 244 256 261 261 262



1982 0 0 0 0 0 0 0 0 10 49 61 75 96



1983 0 0 0 0 0 0 0 2 7 16 30 63 106



1984 0 0 0 0 0 0 0 26 65 80 81 88 143



1985 0 0 0 0 0 6 44 60 61 78 105 110 216



1986 0 2 41 50 122 144 192 208 209 212 213 234 236



1987 3 6 6 14 15 49 90 97 132 140 169 184 188



1988 0 20 35 68 73 81 83 95 128 232 286 292 293



1989 0 0 0 0 0 0 0 3 7 14 15 28 40



1990 0 0 12 20 22 46 89 103 105 105 136 168 200



1991 0 0 0 1 20 23 23 23 24 35 41 55 111



1992 0 0 0 0 3 3 11 15 15 18 53 71 72



1993 0 0 3 12 14 17 22 22 23 74 74 112 147



1994 0 0 0 0 1 1 3 9 9 10 18 18 18



1995 0 0 0 0 13 15 19 19 19 19 20 82 87



Year
Greatest number of consecutive days in indicated year that flow was below given flow value



4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000 16,000
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Appendix I.Greatest number of consecutive days and total number of days in each year from 1922 to 1995 that flow was
below given flow values from 4,000 to 16,000 cubic feet per second in the Apalachicola River at Chattahoochee, Florida--



Continued



B. TOTAL NUMBER OF DAYS



[Analysis is based on climatic years of April 1–March 31 to avoid splitting low-flow periods that typically occur in summer and fall]



Year
Total number of days in indicated year that flow was below given flow value



4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000 16,000



1922 0 0 0 0 27 63 85 98 106 110 122 137 149



1923 0 0 0 0 0 0 18 43 52 58 64 76 84



1924 0 0 0 0 0 14 31 71 88 101 118 124 129



1925 0 0 57 82 104 137 161 182 205 216 233 249 254



1926 0 0 0 0 0 0 6 42 84 122 153 177 197



1927 0 0 5 75 96 144 157 179 226 244 261 277 291



1928 0 0 0 0 0 0 0 0 2 12 41 59 70



1929 0 0 0 0 0 0 6 9 15 27 30 36 44



1930 0 0 0 0 6 20 40 65 87 100 115 135 148



1931 0 0 45 79 102 144 161 173 180 189 197 205 207



1932 0 0 0 0 0 15 33 46 58 84 109 141 161



1933 0 0 0 0 36 91 111 138 170 215 242 259 267



1934 0 0 0 0 12 40 71 110 146 178 195 214 231



1935 0 0 5 31 53 79 119 150 166 188 203 222 235



1936 0 0 0 0 0 0 3 15 47 91 115 131 135



1937 0 0 0 0 0 0 0 3 16 55 85 112 156



1938 0 0 0 8 38 83 119 137 155 181 199 217 225



1939 0 0 0 0 0 18 57 65 74 95 115 131 140



1940 0 0 0 14 44 52 60 72 110 149 182 208 232



1941 0 0 1 79 115 140 156 187 203 212 221 232 242



1942 0 0 0 0 0 0 6 32 52 75 100 117 146



1943 0 0 0 0 5 47 75 103 117 125 130 146 174



1944 0 0 0 0 0 7 29 49 67 85 108 146 183



1945 0 0 0 0 0 0 2 27 55 91 114 136 168



1946 0 0 0 0 0 0 0 4 24 59 92 115 124



1947 0 0 0 0 0 0 7 29 49 63 72 82 89



1948 0 0 0 0 0 0 0 0 0 10 25 35 51



1949 0 0 0 0 0 0 0 0 5 23 59 90 114



1950 0 0 0 0 11 59 89 111 139 176 226 252 269



1951 0 0 0 52 75 104 134 161 180 201 216 230 235



1952 0 0 0 27 62 101 132 152 167 178 186 193 204



1953 0 0 0 0 0 0 6 33 64 81 101 114 126



1954 0 0 67 83 114 145 190 208 227 257 272 290 303



1955 0 0 54 115 166 208 227 239 250 264 271 278 292



1956 0 0 11 42 101 139 177 199 214 248 258 268 273
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1957 0 0 14 23 53 80 99 117 127 138 143 150 152



1958 0 0 0 0 4 31 63 83 122 149 161 177 192



1959 0 0 0 0 0 11 19 26 51 62 92 114 130



1960 0 0 0 0 0 7 33 64 105 178 215 230 244



1961 0 0 0 0 15 47 67 77 87 101 110 123 129



1962 0 0 0 4 12 32 81 133 156 171 187 206 220



1963 0 0 0 0 3 40 106 136 153 163 173 178 188



1964 0 0 0 0 0 0 0 0 1 5 11 17 31



1965 0 0 0 0 0 0 0 4 44 75 104 125 142



1966 0 0 0 0 0 0 0 7 52 74 93 111 136



1967 0 0 0 0 0 0 0 0 13 76 122 154 178



1968 0 0 0 5 38 67 83 122 176 230 263 273 288



1969 0 0 0 0 0 0 5 25 134 169 186 204 217



1970 0 0 0 0 0 0 10 38 91 117 137 168 190



1971 0 0 0 0 0 0 0 6 42 61 84 92 104



1972 0 0 0 0 0 0 54 72 113 163 179 188 194



1973 0 0 0 0 0 0 0 27 42 65 83 99 112



1974 0 0 0 0 0 0 0 60 120 128 142 162 173



1975 0 0 0 0 0 0 0 0 0 5 18 31 39



1976 0 0 0 0 0 0 0 0 20 69 84 98 107



1977 0 0 0 0 0 0 45 84 138 165 171 182 189



1978 0 0 0 0 0 40 86 105 140 160 177 190 207



1979 0 0 0 0 0 0 0 11 92 133 160 168 179



1980 0 0 0 0 0 27 153 162 193 227 241 250 255



1981 0 1 40 65 81 101 175 241 244 257 261 261 264



1982 0 0 0 0 0 0 0 0 10 94 133 153 156



1983 0 0 0 0 0 0 0 5 34 48 105 122 134



1984 0 0 0 0 0 0 0 53 65 89 150 174 182



1985 0 0 0 0 0 6 77 130 142 177 204 224 229



1986 0 10 54 96 123 182 192 208 209 212 215 234 238



1987 3 6 6 14 19 58 92 116 144 167 182 202 223



1988 0 29 35 68 73 81 95 190 261 283 291 303 308



1989 0 0 0 0 0 0 0 3 8 14 18 63 102



1990 0 0 12 52 76 133 148 159 163 181 194 198 210



1991 0 0 0 2 21 23 23 23 29 38 41 80 123



1992 0 0 0 0 4 5 15 18 46 72 138 169 175



1993 0 0 7 26 33 40 82 94 107 132 140 158 189



1994 0 0 0 0 1 1 3 12 13 17 29 29 33



1995 0 0 0 0 26 56 69 76 76 79 89 134 153



Year
Total number of days in indicated year that flow was below given flow value



4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000 16,000
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Appendix II.  Lengths of floodplain streams and lakes connected to main channel of the nontidal Apalachicola River at flows
ranging from 4,000 to 19,000 cubic feet per second
[“Connected” means that approximately level water passageways exist between floodplain water bodies and the river, allowing 2-way fish
access from river to floodplain and floodplain to river.  rm, river mile; RB, right bank (looking downstream) of Apalachicola River; LB, left bank
of Apalachicola River; RBC, right bank of lower Chipola River; LBC, left bank of lower Chipola River; Chip10,000 (and other similar Chip
numbers), notation to describe location of stream in number of feet upstream of mouth of lower Chipola River (which is located at rm 27.9 on
the Apalachicola River); ft3/s, cubic feet per second; ft, feet; inc, including; trib, tributary; conf, confluence; approx, approximately; R, river]



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft



 4,0003 Graves Creek (from mouth at rm 88.8 to 1,960 ft upstream)--RB 1,960



Sutton Lake--rm 78.1--RB 2,520



unnamed cutoff from  rm 50.7 to rm 49.7--RB 2,300



Porter Lake (from mouth at rm 48.2 to 590 ft upstream)--RB 590



Florida R (from mouth at rm 43.2 to to downstream connection of Larkin Slu)--LB 25,010



R Styx (from mouth at rm 35.3 to 1,300 ft upstream)--LB 1,300



Dead R (from mouth  located 1,200 ft upstream of mouth of R Styx  to  approx 3,000 ft upstream)--LB 3,000



unnamed stream at lower end of Battle Bend (from mouth at rm 28.6 to 320 ft upstream)--LB 320



unnamed stream--rm 27.1--RB 1,670



unnamed stream--rm 27.0--RB 1,170



unnamed stream--rm 26.6--RB 1,980



unnamed stream--rm 24.8--RB 1,230



unnamed stream--rm 24.75--RB 1,320



Brushy Creek (from mouth at rm 24.0 to head at rm 25.7)--LB 8,520



unnamed stream connecting Brushy Creek to Kennedy Creek (from mouth approx 6,400 ft upstream of mouth of Brushy Creek
to 2,800 ft upstream)--LB



4,290



unnamed stream--rm 23.5--LB 1,460



Scott Creek--rm 23.3--LB 2,230



Owl Creek--rm 22.1--LB6 9,190



Devon Creek (mouth approx 3,400 ft upstream of mouth of Owl Creek)--LB6 780



unnamed stream--rm 21.8--RB 2,350



unnamed stream--rm 21.55--RB 840



unnamed stream--rm 21.3--RB 1,330



Brickyard Creek (from mouth at rm 20.6 to 1,600 ft upstream) inc 1 trib--LB 6,580



White R (from mouth at Chip49,900 to 5,790 ft upstream)--LBC 5,790



unnamed trib of White R (mouth approx 600 ft upstream of mouth of White R at Chip49,900)--LBC 3,670



Lockey Lake inc unnamed trib--Chip19,500--RBC 4,440



Douglas Slough (from mouth at Chip8,200 to 3,810 ft upstream)--LBC 3,810



4,000 Subtotal 99,650
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 5,000 Sweetwater Creek inc 1 trib--rm 89.3--LB 5,220



Bayou (from mouth on Sutton Lake to US 20)--rm 78.1-RB 4,250



unnamed stream (from mouth at rm 50.7 going north towards Brown Lake to 3,050 ft upstream)--RB 3,050



Outside Lake (from mouth at rm 63.9 to 2,900 ft upstream)--LB 2,900



Swift Slu (from mouth on R Styx to 2,400 ft upstream)--LB 2,400



Moccasin Slough (from mouth on R Styx to 1,100 ft upstream)--LB 1,100



R Styx (from 1,300 ft upstream of mouth at rm 35.3 to approx 18,200 ft upstream)--LB 16,900



unnamed stream inc 1 trib--rm 30.05--RB 5,120



Kennedy Creek (from mouth at rm 26.0 to 26,670 ft upstream)--LB 26,670



unnamed trib of Kennedy Creek (from mouth 800 ft upstream of mouth of Kennedy Creek to 2,900 ft upstream) inc 1 trib--LB 3,680



unnamed trib of Kennedy Creek (from mouth 15,800 ft upstream of mouth of Kennedy Creek to 600 ft upstream)--LB 600



3 unnamed tribs of Lockey Lake (mouths 1,600,  2,400,  and 2,410 ft upstream of mouth of Lockey Lake)--RBC7 7,170



Douglas Slough (from 3,810 ft upstream of mouth at Chip8,200 to head at Chip12,700)--LBC7 2,300



unnamed stream--Chip3,400--RBC 2,740



unnamed stream--Chip1,500--RBC 1,500



 5,000 Subtotal 85,600



 6,000 unnamed stream--rm 101.1--LB       160



Flat Creek inc 2 tribs--rm 99.5--LB 14,140



Equaloxic Creek (from mouth at rm 51.9 to 6,000 ft upstream)--LB    6,000



Iola Lake--rm 45.2--RB    1,100



old channel loop of Florida R (connected at approx 2,600 and 3,500 ft upstream of mouth of Florida R)--LB       5,000



Swift Slough (from 2,000 ft upstream of mouth on R Styx to head at rm 40.3)--LB 11,870



2 unnamed streams inc connection to Douglas Slu--rm 30.3 and rm 30.08--RB 7,550



unnamed stream--rm 26.25--RB 890



unnamed trib of Kennedy Creek (mouth approx 9,000 ft upstream of mouth of Kennedy Creek)--LB 3,630



unnamed trib of Kennedy Creek (from 600 ft upstream of mouth 15,800 ft upstream of mouth of Kennedy Creek to 760 ft
upstream)--LB



160



unnamed trib (mouth 2,400 ft upstream of mouth of unnamed trib 800 ft upstream of mouth of Kennedy Creek)--LB 1,410



Kennedy Slough (from mouth 1,800 ft upstream of mouth of Kennedy Creek to 7,550 ft upstream) inc 2 tribs--LB 9,790



Shepard Slough (from mouth on Kennedy Creek to approx 3,500 ft upstream) inc 1 trib--LB 9,420



unnamed stream connecting Brushy Creek to Kennedy Creek (from approx 2,800 ft upstream of mouth on Brushy Creek to
head at Kennedy Creek)--LB



2,970



unnamed stream--rm 22.05--RB 360



unnamed stream--Chip64,500--LBC 4,650



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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6,000 Gum Drift Slough (from head at Chip52,500 to 6,090 ft downstream)--RB 6,090



unnamed stream (from mouth at Chip42,800 to 2,860 ft upstream)  inc alternate head at Chip45,700--LBC7 3,300



unnamed stream--Chip40,800--LBC 1,210



unnamed stream--Chip18,600--RBC 1,650



2 unnamed tribs of Douglas Slough and connecting stream (mouths at 100 and 500 ft upstream of mouth of Douglas Slough at
Chip8,200)--LBC



2,950



Spiders Cut--Chip2,400--RBC 4,600



 6,000 Subtotal 98,900



 7,000 Equaloxic Creek (from approx 6,000 ft upstream of mouth at rm 51.9 to 12,010 ft)--LB    6,010



unnamed stream (from mouth at rm 50.7 to south end of Brown Lake)--RB    3,000



Kentucky Lake--rm 43.8--RB    1,830



Larkin Slu (from mouth on Florida R approx 22,400 ft upstream of mouth of Florida R to Gregory Mill Creek)--LB       5,980



2 unnamed tribs of R Styx (from their mouths 5,600 and 7,000 ft upstream of mouth of R Styx to approx 100 ft upstream)--LB 200



unnamed stream--rm 26.15--RB 1,050



2 unnamed tribs of Kennedy Creek (mouths at 1,350 and 1,450 ft upstream of mouth of Kennedy Creek)--LB 1,600



unnamed trib of Kennedy Creek (mouth 22,900 ft upstream of mouth of Kennedy Creek)--LB 3,340



unnamed trib of Kennedy Creek (from 2,900 ft upstream of mouth on Kennedy Creek at approx 800 ft upstream of mouth of
Kennedy Creek to 3,560 ft upstream) inc 1 trib--LB



1,460



unnamed trib of Kennedy Slough (from 1,000 ft upstream of mouth at 3,000 ft upstream of mouth of Kennedy Slough to 1,500
ft upstream)--LB



500



Shepard Slough (from approx 3,500 ft upstream of mouth on Kennedy Creek to 7,000 ft upstream)--LB 3,480



unnamed stream--rm 23.35--RB 750



Maddox Slough (from mouth at Chip53,600  following westward course to floodplain edge 1,750 ft upstream)--RBC 1,750



White R (from approx 5,800 ft upstream of mouth at Chip49,900 to 10,800 ft upstream)--LBC 4,980



unnamed stream connecting trib of White R (mouth 600 ft upstream of mouth of White R) to Corley Slough inc Corley Slough
to conf with Virginia Cut--LBC7



4,470



unnamed stream inc 2 tribs--Chip46,100--LBC7 5,130



Virginia Cut (from mouth at Chip37,300 to 12,790 ft upstream)--LBC 12,790



Burgess Creek (from mouth at Chip35,900 to 8,050 ft upstream) inc 3 tribs--RBC7 12,590



2 unnamed tribs of unnnamed stream (mouths 200 and 600 ft upstream of mouth of unnamed stream at Chip3,400)--RBC 1,710



 7,000 Subtotal 72,620



 8,000 Mosquito Creek inc 1 trib--rm 105.1--LB    8,580



unnamed stream--rm 95.5--LB6    5,110



Johnson Creek (from mouth at rm 93.9 to 1,810 ft upstream)--RB    1,810



Old R (from rm 77.0 to north end of Baker Branch), Baker Branch, Sutton Creek, and Hicks Creek--RB    33,880



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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 8,000 Dead R (at Poloway Point)--rm 71.4--LB  6,600



Iamonia Lake (from mouth at rm 55.8 to 26,180 ft upstream) inc McDougal Lake, Rudy Slough, and Lots Mill Creek --RB 33,780



Equaloxic Creek inc 2 tribs (from 12,010 ft upstream of mouth at rm 51.9 to Big Gully Creek)--LB  12,010



Porter Lake (from 590 ft upstream of mouth at rm 48.2 to north end)--RB    1,060



Florida R (from downstream connection of Larkin Slu to 26,000 ft upstream of mouth at rm 43.2) inc lower end of Dog Slough
(from mouth on Florida R to 890 ft upstream)--LB



  5,890



R  Styx (from approx 18,200 ft upstream of mouth at rm 35.3 to 20,200 ft upstream)--LB 2,000



unnamed stream--rm 26.3--RB 690



Shepard Slough (from approx 7,000 ft upstream of mouth on Kennedy Creek to 11,000 ft upstream) inc 1 trib--LB 8,580



unnamed stream inc trib--Chip70,000--RBC 1,360



Magnolia Slough--Chip56,100--LBC 1,320



unnamed stream--Chip45,000--LBC7 90



Roberts Slough (from mouth at Chip40,900 to 1,830 ft upstream)--RBC7 1,830



Burgess Creek (from 8,050 ft upstream of mouth at Chip35,900 to conf with Roberts Slough)--RBC7 2,730



Piney Reach Slough--Chip22,500--LBC 4,800



unnamed stream--Chip10,400--RBC 2,630



unnamed stream--Chip7,900--RBC 720



 8,000 Subtotal 134,470



 9,000 Rock Creek--rm 95.2--LB6    1,090



unnamed stream inc 2 tribs--rm 88.5--LB    2,760



Outside Lake (from 2,900 ft upstream of mouth at rm 63.9  to 9,000 ft)--LB    6,100



Bee Tree Slough (from mouth at rm 61.1 to 1,320 ft upstream)--RB    1,320



Mary Slough (from mouth on Iamonia Lake to 1,210 ft upstream)--RB    1,210



Middle Slough (from mouth on Iamonia Lake to 1,900 ft upstream)--RB    1,900



unnamed stream--rm 51.6--LB    2,400



Brown Lake--RB       790



Moccasin Slough (from 1,100 ft upstream of mouth on R Styx to head at rm 38.8)--LB 11,880



unnamed trib of Dead R (mouth approx 3,200 ft upstream of mouth of Dead R on R Styx)--LB 960



unnamed stream at downstream end of Battle Bend (from 320 upstream of mouth at rm 28.6 to approx 4,430 ft upstream)--LB 4,430



unnamed trib of Kennedy Creek (mouth approx 18,000 ft upstream of mouth of Kennedy Creek at rm 26.0)--LB 700



Shepard Slough (from approx 11,000 ft upstream of mouth on Kennedy Creek to 14,600 ft upstream) inc 2 tribs--LB 6,860



unnamed stream--rm 24.4--LB 480



unnamed stream--rm 22.1--RB 2,160



unnamed stream--rm 22.0--RB 500



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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9,000 unnamed stream--Chip65,900--LBC 2,170



Gum Drift Slough (from approx 6,100 ft downstream of head at Chip52,500 to conf with Roberts Slough)--RBC7 6,090



Roberts Slough (from 1,830 ft upstream of mouth at Chip40,900 to approx 9,400 ft upstream) inc 2 tribs--RBC7 8,930



unnamed trib of White R (mouth approx 6,500 ft upstream of mouth of White R at Chip49,900)--LBC 2,320



unnamed stream--Chip44,600--LBC7 220



Van Horn Slough--Chip31,200--LBC 1,310



2 unnamed tribs of Piney Reach Slough (mouths 500 and 3,000 ft upstream of mouth of Piney Reach Slough at Chip22,500)--
LBC7



2,510



 9,000 Subtotal 69,090



10,000 Spring Branch inc 2 tribs--rm 100.6--RB    6,620



Ocheesee Creek inc tribs--rm 93.3--RB 15,880



unnamed stream at Caraway Landing inc trib--rm 90.6--RB    3,990



Little Sweetwater Creek--rm 84.4--LB    2,000



Bee Tree Slough (from 1,320 ft from mouth at rm 61.1 to conf with Middle Slough)--RB    1,320



3 unnamed tribs of Swift Slough (mouths 2,000,  6,400,  and  6,600 ft upstream of mouth of Swift Slough on R Styx)--LB 4,400



Hog Slough (from head at rm 40.0 to mouth on Swift Slough)--LB 8,060



unnamed stream--rm 30.12--RB 1,740



Shepard Slough (from approx 14,600 ft upstream of mouth on Kennedy Creek to approx 18,100 ft upstream)--LB 3,480



unnamed stream--rm 25.9--RB 210



Maddox Slough (from approx 1,300 downstream of head at Chip53,600 to conf with Tom Smith Branch)--RBC7 6,740



2 unnamed tribs of White R (mouths 1,200 and 1,900 ft upstream of mouth of White R at Chip49,900)--LBC7 1,460



Tom Smith Branch (from conf with Roberts Slough to floodplain edge)--RBC7 8,010



unnamed stream--Chip39,800--LBC7 1,230



Virginia Cut (from 12,790 ft upstream of mouth at Chip37,300 to head approx 24,390 ft upstream) inc 1 trib--LBC7 13,190



unnamed stream--Chip37,250--LBC7 1,470



unnamed stream--Chip26,800--LBC 1,250



unnamed stream--Chip26,700--LBC7 1,560



10,000 Subtotal 82,610



11,000 Blue Spring run and spring (before restoration)--rm 98.0--RB6    1,880



Johnson Creek (from 1,810 ft upstream of mouth at rm 93.9 to 2,530 ft)--RB      720



Beaverdam Creek--rm 84.5--LB    7,960



Bayou (from US Highway 20 to 18,790 ft upstream of mouth on Sutton Lake) inc Stafford Creek--RB    20,370



unnamed trib of Dead R (mouth approx. 3,400 ft from mouth of Dead R at rm 71.4)--LB       1,870



Outside Lake (from approx 9,000 ft upstream of mouth at rm 63.9 to 17,700 ft upstream) inc Johnson Mill Creek--LB   11,010



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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11,000 unnamed slu to Muscogee Lake (from mouth at rm 60.2 to 1,940 ft upstream)--LB    1,940



Middle Slough (from 1,900 ft upstream of mouth on Iamonia Lake to Bee Tree Slu)--RB       7,090



unnamed slu to Miller Lake--rm 57.9--LB    3,080



Mary Slough (from 1,210 ft upstream of mouth on Iamonia Lake to 2,420 ft)--rm 55.8--RB    1,210



unnamed slu to Queen City Lake--rm 51.4--RB    1,160



unnamed stream--rm 48.4--LB    1,450



unnamed trib of Porter Lake--rm 48.2--RB    1,850



unnamed trib of Florida R (mouth approx 100 ft upstream of mouth of Florida R at rm 43.2)--LB       2,690



unnamed trib of Florida R (mouth approx 12,400 ft upstream of mouth of Florida R at rm 43.2)--LB  1,200



unnamed trib of Florida R (mouth approx 16,400 ft upstream of mouth of Florida R at rm 43.2)--LB 5,540



unnamed trib of Florida R (mouth approx 16,600 ft upstream of mouth of Florida R at rm 43.2)--LB 860



unnamed trib of  loop of Florida R (mouth approx 2,400 ft from upstream end of loop at 3,500 ft upstream of mouth of Florida
R at rm 43.2)--LB



4,050



Everett Slough (from head on Larkin Slu 2,800 ft upstream of mouth of Larkin Slu on Florida R to 6,910 ft downstream)--LB 6,910



Grayson Slough (from mouth on Swift Slough to 2,300 ft upstream)--LB 2,300



R Styx (from approx 20,200 ft upstream of mouth at rm 35.3 to 22,500 ft upstream)--LB 2,300



unnamed trib of Dead R (mouth approx 3,600 ft upstream of mouth of Dead R on R Styx)--LB 860



unnamed stream--rm 30.65--RB 790



Shepard Slough (from approx 18,100 ft upstream of mouth on Kennedy Creek to approx 21,520 ft upstream)--LB 3,420



2 unnamed tribs of White R (mouths 200 and 1,300 ft upsteam of mouth of White R at Chip49,900)--LBC7 2,070



unnamed stream--Chip33,000--RBC7 1,380



11,000 Subtotal 95,960



12,000 unnamed trib of Blue Spring run--RB6       290



trib of unnamed stream at rm 88.5 -- LB       310



Kelley Branch (from mouth at rm 81.4 to 350 ft upstream)--LB       350



unnamed stream--rm 69.6--RB    1,840



Outside Lake (from approx 17,700 ft upstream of mouth to north end) inc 5 tribs and Landy Lake)--rm 63.9--LB 29,880



unnamed trib of McDougal Lake--rm 55.8--RB    1,340



Honey Pond and slu connecting to Iamonia Lake--rm 55.8--RB    3,890



unnamed stream--rm 55.0--RB    6,800



unnamed stream--rm 54.2--LB    2,350



2 unnamed tribs of cutoff at rm 50.7--RB    4,060



Finns Slough--LB    7,540



Florida R (from approx 26,000 ft upstream of mouth at rm 43.2 to 39,800 ft upstream) inc Bill’s Arm and 2 tribs--LB     25,060



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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12,000 Everett Slough (from mouth on Swift Slough to 4,430 ft upstream)--LB 4,430



unnamed stream--rm 39.9--LB 1,070



unnamed stream--rm 27.2--RB 1,450



Shepard Slough (from approx 21,520 ft upstream of mouth on Kennedy Creek to 25,050 ft upstream) inc 1 trib--LB 7,410



unnamed stream inc 1 trib--rm 22.8--RB 3,830



unnamed stream--Chip48,200--LBC7 1,100



unnamed stream--Chip46,400--LBC7 2,620



unnamed stream inc alternate mouth at Chip34,600--Chip35,200--RBC7 3,770



unnamed trib of unnamed trib of Douglas Slough (mouth 800 ft upstream of mouth of unnamed trib with mouth 1,400 ft
upstream of mouth of Douglas Slough at Chip8,200)--LBC 890



12,000 Subtotal 110,280



13,000 unnamed trib of Dead R (located approx 4,700 ft from mouth of Dead R at rm 71.4)--LB        4,890



Woods Slu (from conf with Bee Tree Slu to approx 4,790 ft upstream)--RB    4,790



unnamed stream--rm 60.9--RB    1,490



Mary Slough (first 1,210 ft from rm 58.7 going towards Iamonia Lake)--RB    1,210



unnamed trib of Rudy Slough--RB    1,170



unnamed stream--rm 53.3--RB    3,680



Dog Slough (from approx 890 ft upstream of mouth on Florida R to south end of Greenback Lake)--LB        7,760



unnamed stream--rm 49.9--LB       1,000



unnamed stream--rm 47.3--LB    1,850



R Styx (from approx 22,500 ft upstream of mouth at rm 35.3 to 25,900 ft upstream)--LB 3,400



unnamed trib of R Styx (from 3,480 ft downstream of head located 9,300 ft upstream of mouth of R Styx to conf with Shepard
Slough 700 ft downstream)--LB 700



unnamed stream--rm 35.1--LB 2,490



unnamed stream--rm 30.7--LB 2,010



unnamed stream--rm 27.7--LB 700



Shepard Slough (from approx 25,050 ft upstream of mouth on Kennedy Creek to conf with 2 tribs of R Styx 27,830 ft
upstream) inc 2 tribs--LB 9,270



unnamed stream--rm 22.15--RB 500



unnamed stream--Chip75,800--RBC 380



unnamed stream--Chip30,400--RBC 1,240



unnamed stream--Chip32,900--LBC 1,100



unnamed stream--Chip5,800--RBC 770



unnamed stream--Chip5,000--RBC 1,600



13,000 Subtotal 52,000



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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14,000 Johnson Creek (from 2,530 ft upstream of mouth at rm 93.9 to 3,240 ft)--RB       710



unnamed stream--rm 62.0--LB       510



unnamed tribs of McDougal Lake and Iamonia Lake--RB    6,560



Muscogee Lake--LB       590



Miller Lake--LB       660



unnamed stream--rm 56.2--LB       440



unnamed trib of Honey Pond--RB    2,020



unnamed stream--rm 55.6--LB    1,150



unnamed stream--rm 55.4--RB       640



unnamed stream--rm 53.4--RB    1,970



Queen City Lake and smaller pond--LB       440



unnamed stream-rm 47.1--LB    1,240



Florida R (from approx 39,800 ft upstream of mouth at rm 43.2 to Equaloxic Creek) inc part of Larkin Slu (from approx 6,200
ft upstream of downstream mouth on Florida R to reconnection with Florida R), Gregory Mill Creek, and 4 tribs--rm 43.2--LB



   24,380



unnamed trib of Larkin Slu (mouth approx 1,700 ft upstream of mouth of Larkin Slu on Florida R)--LB 960



Grayson Slough (from 2,300 ft upstream of mouth on Swift Slough to approx 5,100 ft upstream) inc Greenback Lake and part
of Silver Lake--LB



2,800



unnamed stream connecting Grayson and Everett Sloughs--LB 3,300



Everett Slough (from 4,420 ft upstream of mouth on Swift Slough to 11,060 ft upstream)--LB 6,640



unnamed stream (from head 3,800 ft upstream of mouth of  R Styx to 2,270 ft downstream)--LB 2,270



2  unnamed tribs of R Styx (from 100 ft upstream of their  mouths at 5,600 and 7,000 ft upstream of mouth of R Styx to ends)-
-LB



1,200



unnamed stream (from head 9,300 ft upstream of mouth of R Styx to 3,480 ft downstream)--LB 3,480



unnamed stream inc 1 trib--rm 34.75--LB 4,100



unnamed stream connected by 2 mouths--rm 33.7 and rm 33.62--LB 3,110



unnamed stream--rm 32.15--LB 1,810



Kennedy Slough  (from mouth 1,400 ft upstream of mouth of Kennedy Creek to 470 ft upstream)--LB 470



unnamed stream--rm 25.4--RB 1,060



2 unnamed tribs of Virginia Cut (mouths 11,800 and 14,300 ft upstream of mouth of Virginia Cut at Chip37,300)--LBC7 11,480



unnamed stream--Chip34,400--RBC 720



unnamed stream--Chip6,700--RBC 890



unnamed trib of Spider Cut (mouth approx 800 ft downstream of mouth of Spider Cut at Chip2,400)--RBC 1,570



14,000 Subtotal 87,170



Flow at
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in ft
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15,000 unnamed stream (from mouth at rm103.6 to 890 ft upstream) --LB       890



unnamed stream--rm 98.9--LB6       470



unnamed stream--rm 90.3--LB       250



Old R (from north end of Baker Branch to rm 72.9)--RB    8,520



James Slough and Dirt Bridge Slu--RB  15,110



unnamed stream--rm 62.8--RB    4,860



Dog Slough (from rm 50.15 to south end of split channel) --LB    8,450



unnamed stream--rm 49.2--RB    2,190



Greenback Lake on Dog Slough--LB    2,790



unnamed trib of Hog Slough (mouth approx 900 ft upstream of mouth of Hog Slough on Swift Slough)--LB 1,400



unnamed trib of Moccasin Slough (mouth approx 1,400 ft upstream of mouth of Moccasin Slough on R Styx)--LB 910



Dead R (from approx 3,400 ft upstream of mouth on R Styx to end on Swift Slough)--LB 5,910



unnamed stream (from head 3,800 ft upstream of mouth of R Styx to 2,270 ft downstream)--LB 2,270



unnamed trib of R Styx (mouth 4,200 ft upstream of mouth of R Styx)--LB 410



unnamed stream (from head 9,300 ft upstream of mouth of R Styx to 3,480 ft downstream)--LB 3,480



unnamed trib of R Styx (mouth 23,400 ft upstream of mouth of R Styx)--LB 70



unnamed stream--rm 39.3--RB 1,430



unnamed stream--rm 31.2--RB 1,920



unnamed stream--rm 26.4--RB 1,210



15,000 Subtotal 62,540



16,000 unnamed stream--rm 64.9--LB    1,210



unnamed stream--rm 59.9--LB       880



unnamed stream--rm 59.5--RB    1,520



unnamed stream--rm 57.5--RB    4,690



unnamed stream--rm 53.6--LB       910



unnamed stream--rm 52.8--LB    1,420



unnamed stream--rm 51.2--RB       770



unnamed stream--rm 47.31--RB    1,210



2 unnamed tribs of Outside Lake (at approx 14,200 and 17,300 ft upstream of mouth at rm 43.2)--LB      3,380



unnamed stream--rm 41.9--RB    2,830



unnamed trib of Florida R (mouth approx 22,100 ft upstream of mouth of Florida R at rm 43.2)--LB 6,630



unnamed trib of Larking Slu (mouth 400 ft upstream of mouth of Larkin Slu on Florida R)--LB 600



Everett Slough (from approx 10,840 ft upstream of mouth on Swift Slough to 13,980 ft)--LB 3,140



Flow at
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hoochee
gage1, in
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Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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16,000 Grayson Slough (from approx 5,100 ft upstream of mouth on Swift Creek to 9,110 ft upstream)--LB 4,010



unnamed stream connecting Grayson Slough to Everett Slough--LB 5,990



unnamed trib of R Styx (mouth approx 4,600 ft upstream of mouth of R Styx at rm 35.3)--LB 740



unnamed trib of Dead R (mouth approx 3,500 ft upstream of mouth of Dead R on R Styx)--LB 350



unnamed stream--rm 41.1--RB 1,020



unnamed stream--rm 41.08--RB 1,670



unnamed stream--rm 31.8--RB 1,400



unnamed stream--rm 22.3--RB 1,550



unnamed stream--Chip67,200--LBC 1,350



unnamed trib of White R (mouth 8,000 ft upstream of mouth of White R at Chip49,900)--LBC 1,060



16,000 Subtotal 48,330



17,000 Kelley Branch (from approx 350 ft upstream of mouth at rm 81.4 to 1,020 ft)--LB       670



unnamed stream--rm 73.2--LB       870



Gin House Lake--rm 71.0--RBL    1,190



unnamed streams at rm 66.3 and rm 66.25--RB    2,900



unnamed stream--rm 62.6--RB    3,720



unnamed slu to Muscogee Lake  (from approx 1,940 ft upstream of mouth at rm 60.2 to Acorn Lake)--LB    1,940



unnamed stream--rm 31.1--LB 1,190



unnamed stream--Chip72,000--LBC 1,060



unnamed stream--Chip68,600--LBC 770



unnamed stream--Chip27,700--RBC 850



17,000 Subtotal 15,160



18,000 unnamed stream (from 890 ft upstream of mouth at rm 103.6 to 1,770 ft)--LB       880



Johnson Creek (from 3,240 ft upstream of mouth at rm 93.9 to floodplain boundary), secondary channel starting 3,200 ft
upstream of mouth, inc 1 trib--RB



15,310



2 tribs of Bayou (from their mouths on Bayou to 1,410 and 1,150 ft upstream)--rm 79.1--RB     2560



3 unnamed tribs of Middle Slu--RB    8,750



unnamed stream--rm 54.3--LB    1,270



unnamed stream--rm52.7--LB    3,120



unnamed stream--rm 52.1--RB    2,310



Acorn Lake (connected to Florida R approx 23,000 ft upstream of mouth)--LB       830



Alligator Creek (mouth approx 4,800 ft upstream of mouth of Everett Slough on Swift Creek)--LB 10,490



R Styx (from approx 25,900 ft upstream of mouth at rm 35.3 to 32,900 ft upstream)--LB 7,000



unnamed stream--rm 41.4--RB 900
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1 Flows at which streams are connected were determined from lagged Chattahoocheee flows at the time of field observations.



2 The accuracy of these estimates is greatest for the intensive study sites (Flat Creek, Johnson Creek, Iamonia Lake system, River Styx system) because
those areas were visited many times under a variety of hydrologic conditions. Estimates on most other streams were based on one-time field observations,
and those estimates should be used as an approximate guide.



3 Most of the streams and lakes listed for 4,000 ft3/s  have deep connections to the main river channel and have not been isolated at any time from 1922
to 1995.



4 Order of streams and lakes is from most upstream location to most downstream in river floodplain. Location within river reach is indicated by colors:
beige, upper river; light green, middle river; dark green, lower river. Additional description of location is given for features not named on USGS 7.5 minute
quadrangle maps and named features when  necessary.



5 Actual stream lengths may be longer than shown. In most cases, they are derived from lengths that appear on USGS quadrangle maps or infrared
aerial photography, whichever is longer.



6 These streams on the Apalachicola River were not measured to determine the depth of the connection. An estimate of connection depth was made
based on the size of the stream, stream velocity, connecting streams, characteristics of drainage basin on aerial photos and maps, and other relevant field
observations.



7 These streams on the lower Chipola were observed to be connected to the main channel when flow at Chattahoochee was approximately 14,500 ft3/s,
but were not measured to determine the depth of that connection. In each case, an estimate of connection depth was made based on field observations of
stream size and velocity and characteristics of connecting streams and drainage basin on aerial photos and maps. In some cases the entry includes a combina-
tion of measured and unmeasured streams.



18,000 unnamed stream--rm 34.1--RB 3,170



unnamed stream at Double Points--rm 31.4--LB 1,250



unnamed stream--rm 28.25--LB 640



unnamed stream--rm 27.3--RB 1,240



unnamed stream--Chip4,800--RBC 570



18,000 Subtotal 60,290



19,000 unnamed stream--rm 75.2--LB    1,390



Acorn Lake (connected to Muscogee Lake)--LB       320



unnamed stream--rm 52.6--LB       750



Dog Slough (from north end of Greenback Lake to south end of split channel)--LB    6,370



unnamed stream--rm 44.7--LB    9,100



Elsie Lake, unnamed lake, and connected tribs of Florida R--LB 19,390



Everett Slough (from 6,910 ft downstream of head on Larkin Slu to 10,360 ft downstream)--LB 3,450



unnamed trib of R Styx (mouth 25,700 ft upstream of mouth of R Styx at rm 35.3)--LB 310



unnamed trib of Moccasin Slough (mouth 3,100 ft upstream of mouth of Moccasin Slough on R Styx)--LB 220



19,000 Subtotal 41,300



TOTAL 318 entries (a single entry represents a single stream, one of a number of partial reaches of a long stream,
 or multiple streams and lakes)



230 miles



Flow at
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Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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Appendix III.-- Average flows preceding and during 16 navigation windows in the Apalachicola River, 1990-95
[Data shown in green for the period October 23-November 24, 1990, is used as an example in the text and table 10. Dates and flows for all
periods were determined from daily mean flows at the Chattahoochee gage. ft3/s, cubic feet per second; na; not applicable because transition
period was too short to be reflected in daily mean flows; nd, not determined]



1 Total period is pre-window, transition, and window periods combined.
2 Average flows for all periods were determined by multiplying the average flow for each period by the number of days in the period, adding



the products together for all periods, and dividing the sum by the total number of days for all periods.



Pre-window
(water storage period)



Transition
(period of increasing flow)



Corresponding window
(water release period) Average



flow
for total
period1,
in ft3/sDates Number



of days
Average



flow,
in ft3/s



Dates Number
of days



Average
flow,



in ft3/s
Dates Number



of days
Average



flow,
in ft3/s



Sept 25-Oct 13, 1990 19 6,930 Oct 14, 1990 1 9,450 Oct 15-20, 1990  6 12,300  8,270



Oct 23-Nov 10, 1990  19 5,900 Nov 11, 1990 1 8,110 Nov 12-24, 1990  13 12,900  8,720



Nov 26-Dec 11, 1990  15 6,690 Dec 12, 1990 1 10,200 Dec 13-24, 1990  12 13,400  9,680



Dec 27, 1990-Jan 8, 1991  13 7,370 Jan 9-10, 1991 2  10,800 Jan 11-22, 1991  12 16,300 11,600



Oct 28-Nov 18, 1991  22 7,620 na 0 0 Nov 19-29, 1991 11 13,500  9,570



May 10-24, 1992  15 9,520 May 25, 1992 1 12,600 May 26-June 6, 1992  12 13,500  11,300



June 15-July 1, 1993 17 9,440 July 2-3, 1993 2 11,600 July 4-14, 1993  11 15,400 11,800



July 16-Aug 6, 1993  22 9,490 Aug 7, 1993 2 11,500 Aug 8-21, 1993  14 14,000  11,300



Aug 26-Sep 6, 1993  12 6,560 Sep 7, 1993 2  7,450 Sep 8-22, 1993  15 12,200  9,630



Sep 25-Oct 10, 1993  16 6,670 Oct 11-12, 1993 2 10,900 Oct 13-24, 1993  12 12,100  9,110



Nov 17-26, 1993  10 9,040 Nov 27, 1993 1 11,700 Nov 28-Dec 9, 1993  12 14,900 12,200



May 23-31, 1994  9 9,970 na 0 0 June 1-12, 1994  12 17,500  14,300



May 24-29, 1995  6 9,970 na 0 0 May 30-June 15, 1995  17 19,200  16,800



June 20-July 4, 1995  15 8,590 July 5, 1995 1 13,600 July 6-17, 1995  12 15,600  11,800



July 20-Aug 5, 1995  17 8,620 Aug 6, 1995 1  9,950 Aug 7-22, 1995  16 14,400  11,400



Aug 25-Sep 8, 1995  15 7,790 Sep 9, 1995 1  10,100 Sep 10-20, 1995  11 14,100  10,400



AVERAGES FOR ALL PERIODS2



15 8,000 1 nd 12 14,600  11,000
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Humans have long been fasci-
nated by the dynamism of
free-flowing waters. Yet we



have expended great effort to tame
rivers for transportation, water sup-
ply, flood control, agriculture, and
power generation. It is now recog-
nized that harnessing of streams and
rivers comes at great cost: Many
rivers no longer support socially val-
ued native species or sustain healthy
ecosystems that provide important
goods and services (Naiman et al.
1995, NRC 1992).



The extensive ecological degrada-
tion and loss of biological diversity
resulting from river exploitation is
eliciting widespread concern for con-
servation and restoration of healthy
river ecosystems among scientists and
the lay public alike (Allan and Flecker
1993, Hughes and Noss 1992, Karr
et al. 1985, TNC 1996, Williams et
al. 1996). Extirpation of species, clo-
sures of fisheries, groundwater deple-
tion, declines in water quality and
availability, and more frequent and
intense flooding are increasingly rec-
ognized as consequences of current
river management and development
policies (Abramovitz 1996, Collier
et al. 1996, Naiman et al. 1995). The
broad social support in the United
States for the Endangered Species
Act, the recognition of the intrinsic
value of noncommercial native spe-
cies, and the proliferation of water-
shed councils and riverwatch teams
are evidence of society’s interest in
maintaining the ecological integrity
and self-sustaining productivity of
free-flowing river systems.



Society’s ability to maintain and
restore the integrity of river ecosys-
tems requires that conservation and
management actions be firmly
grounded in scientific understand-



ing. However, current management
approaches often fail to recognize
the fundamental scientific principle
that the integrity of flowing water
systems depends largely on their natu-
ral dynamic character; as a result,
these methods frequently prevent suc-
cessful river conservation or restora-
tion. Streamflow quantity and tim-
ing are critical components of water
supply, water quality, and the eco-
logical integrity of river systems. In-
deed, streamflow, which is strongly
correlated with many critical physi-
cochemical characteristics of rivers,
such as water temperature, channel
geomorphology, and habitat diver-
sity, can be considered a “master
variable” that limits the distribution
and abundance of riverine species
(Power et al. 1995, Resh et al. 1988)
and regulates the ecological integrity
of flowing water systems (Figure 1).
Until recently, however, the impor-
tance of natural streamflow variabil-
ity in maintaining healthy aquatic
ecosystems has been virtually ignored
in a management context.



Historically, the “protection” of
river ecosystems has been limited in
scope, emphasizing water quality and
only one aspect of water quantity:
minimum flow. Water resources
management has also suffered from
the often incongruent perspectives
and fragmented responsibility of
agencies (for example, the US Army
Corps of Engineers and Bureau of
Reclamation are responsible for wa-
ter supply and flood control, the US
Environmental Protection Agency
and state environmental agencies for
water quality, and the US Fish &
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Wildlife Service for water-dependent
species of sporting, commercial, or
conservation value), making it diffi-
cult, if not impossible, to manage the
entire river ecosystem (Karr 1991).
However, environmental dynamism
is now recognized as central to sus-
taining and conserving native spe-
cies diversity and ecological integ-
rity in rivers and other ecosystems
(Holling and Meffe 1996, Hughes
1994, Pickett et al. 1992, Stanford et
al. 1996), and coordinated actions
are therefore necessary to protect
and restore a river’s natural flow
variability.



In this article, we synthesize exist-
ing scientific knowledge to argue that
the natural flow regime plays a critical
role in sustaining native biodiversity
and ecosystem integrity in rivers.
Decades of observation of the effects
of human alteration of natural flow
regimes have resulted in a well-
grounded scientific perspective on
why altering hydrologic variability
in rivers is ecologically harmful (e.g.,
Arthington et al. 1991, Castleberry
et al. 1996, Hill et al. 1991, Johnson
et al. 1976, Richter et al. 1997, Sparks
1995, Stanford et al. 1996, Toth 1995,
Tyus 1990). Current pressing demands
on water use and the continuing alter-
ation of watersheds require scientists
to help develop management proto-
cols that can accommodate economic
uses while protecting ecosystem func-
tions. For humans to continue to rely
on river ecosystems for sustainable
food production, power production,
waste assimilation, and flood con-
trol, a new, holistic, ecological per-



spective on water management is
needed to guide society’s interac-
tions with rivers.



The natural flow regime
The natural flow of a river varies on
time scales of hours, days, seasons,
years, and longer. Many years of
observation from a streamflow gauge
are generally needed to describe the
characteristic pattern of a river’s flow
quantity, timing, and variability—
that is, its natural flow regime. Com-
ponents of a natural flow regime can
be characterized using various time
series (e.g., Fourier and wavelet) and
probability analyses of, for example,
extremely high or low flows, or of
the entire range of flows expressed
as average daily discharge (Dunne
and Leopold 1978). In watersheds
lacking long-term streamflow data,
analyses can be extended statisti-
cally from gauged streams in the
same geographic area. The frequency
of large-magnitude floods can be es-
timated by paleohydrologic studies
of debris left by floods and by studies
of historical damage to living trees
(Hupp and Osterkamp 1985, Knox
1972). These historical techniques can
be used to extend existing hydrologic
records or to provide estimates of
flood flows for ungauged sites.



River flow regimes show regional
patterns that are determined largely
by river size and by geographic varia-
tion in climate, geology, topogra-
phy, and vegetative cover. For ex-
ample, some streams in regions with
little seasonality in precipitation ex-



hibit relatively stable hydrographs
due to high groundwater inputs (Fig-
ure 2a), whereas other streams can
fluctuate greatly at virtually any time
of year (Figure 2b). In regions with
seasonal precipitation, some streams
are dominated by snowmelt, result-
ing in pronounced, predictable run-
off patterns (Figure 2c), and others
lack snow accumulation and exhibit
more variable runoff patterns during
the rainy season, with peaks occur-
ring after each substantial storm
event (Figure 2d).



Five critical components of the
flow regime regulate ecological pro-
cesses in river ecosystems: the mag-
nitude, frequency, duration, timing,
and rate of change of hydrologic
conditions (Poff and Ward 1989,
Richter et al. 1996, Walker et al.
1995). These components can be used
to characterize the entire range of
flows and specific hydrologic phe-
nomena, such as floods or low flows,
that are critical to the integrity of
river ecosystems. Furthermore, by
defining flow regimes in these terms,
the ecological consequences of par-
ticular human activities that modify
one or more components of the flow
regime can be considered explicitly.



• The magnitude of discharge1 at any
given time interval is simply the
amount of water moving past a fixed
location per unit time. Magnitude
can refer either to absolute or to
relative discharge (e.g., the amount
of water that inundates a floodplain).
Maximum and minimum magnitudes
of flow vary with climate and water-
shed size both within and among
river systems.
• The frequency of occurrence refers
to how often a flow above a given
magnitude recurs over some speci-
fied time interval. Frequency of oc-
currence is inversely related to flow
magnitude. For example, a 100-year
flood is equaled or exceeded on aver-
age once every 100 years (i.e., a
chance of 0.01 of occurring in any
given year). The average (median)



Figure 1. Flow regime
is of central importance
in sustaining the eco-
logical integrity of flow-
ing water systems. The
five components of the
flow regime—magni-
tude, frequency, dura-
tion, timing, and rate
of change—influence
integrity both directly
and indirectly, through
their effects on other
primary regulators of
integrity. Modification
of flow thus has cas-
cading effects on the
ecological integrity of
rivers. After Karr 1991.



1Discharge (also known as streamflow, flow,
or flow rate) is always expressed in dimen-
sions of volume per time. However, a great
variety of units are used to describe flow,
depending on custom and purpose of charac-
terization: Flows can be expressed in near-
instantaneous terms (e.g., ft3/s and m3/s) or
over long time intervals (e.g., acre-ft/yr).
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flow is determined from a data series
of discharges defined over a specific
time interval, and it has a frequency
of occurrence of 0.5 (a 50% prob-
ability).
•The duration is the period of time
associated with a specific flow condi-
tion. Duration can be defined relative
to a particular flow event (e.g., a flood-
plain may be inundated for a specific
number of days by a ten-year flood),
or it can be a defined as a composite
expressed over a specified time period
(e.g., the number of days in a year
when flow exceeds some value).
•The timing, or predictability, of
flows of defined magnitude refers to
the regularity with which they occur.
This regularity can be defined for-
mally or informally and with refer-
ence to different time scales (Poff
1996). For example, annual peak flows
may occur with low seasonal predict-
ability (Figure 2b) or with high sea-
sonal predictability (Figure 2c).
•The rate of change, or flashiness,
refers to how quickly flow changes
from one magnitude to another. At
the extremes, “flashy” streams have
rapid rates of change (Figure 2b),
whereas “stable” streams have slow
rates of change (Figure 2a).



Hydrologic processes and the flow
regime. All river flow derives ulti-
mately from precipitation, but in any
given time and place a river’s flow is
derived from some combination of
surface water, soil water, and ground-
water. Climate, geology, topogra-
phy, soils, and vegetation help to
determine both the supply of water
and the pathways by which precipi-
tation reaches the channel. The wa-
ter movement pathways depicted in
Figure 3a illustrate why rivers in
different settings have different flow
regimes and why flow is variable in
virtually all rivers. Collectively, over-
land and shallow subsurface flow
pathways create hydrograph peaks,
which are the river’s response to
storm events. By contrast, deeper
groundwater pathways are respon-
sible for baseflow, the form of deliv-
ery during periods of little rainfall.



Variability in intensity, timing,
and duration of precipitation (as rain
or as snow) and in the effects of
terrain, soil texture, and plant evapo-
transpiration on the hydrologic cycle
combine to create local and regional



flow patterns. For example, high
flows due to rainstorms may occur
over periods of hours (for permeable
soils) or even minutes (for imperme-
able soils), whereas snow will melt
over a period of days or weeks, which
slowly builds the peak snowmelt
flood. As one proceeds downstream
within a watershed, river flow reflects
the sum of flow generation and rout-
ing processes operating in multiple
small tributary watersheds. The travel
time of flow down the river system,
combined with nonsynchronous tribu-
tary inputs and larger downstream
channel and floodplain storage ca-
pacities, act to attenuate and to
dampen flow peaks. Consequently,
annual hydrographs in large streams
typically show peaks created by wide-
spread storms or snowmelt events
and broad seasonal influences that
affect many tributaries together
(Dunne and Leopold 1978).



The natural flow regime organizes
and defines river ecosystems. In riv-
ers, the physical structure of the en-
vironment and, thus, of the habitat,
is defined largely by physical pro-
cesses, especially the movement of
water and sediment within the chan-
nel and between the channel and flood-
plain. To understand the biodiversity,
production, and sustainability of
river ecosystems, it is necessary to
appreciate the central organizing role
played by a dynamically varying
physical environment.



The physical habitat of a river
includes sediment size and heteroge-
neity, channel and floodplain mor-
phology, and other geomorphic fea-
tures. These features form as the
available sediment, woody debris,
and other transportable materials are
moved and deposited by flow. Thus,
habitat conditions associated with
channels and floodplains vary among



Figure 2. Flow histories based on long-term, daily mean discharge records. These
histories show within- and among-year variation for (a) Augusta Creek, MI, (b)
Satilla River, GA, (c) upper Colorado River, CO, and (d) South Fork of the
McKenzie River, OR. Each water year begins on October 1 and ends on September
30. Adapted from Poff and Ward 1990.
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rivers in accordance with both flow
characteristics and the type and the
availability of transportable materials.



Within a river, different habitat
features are created and maintained
by a wide range of flows. For ex-
ample, many channel and floodplain
features, such as river bars and riffle–
pool sequences, are formed and main-
tained by dominant, or bankfull, dis-
charges. These discharges are flows
that can move significant quantities
of bed or bank sediment and that
occur frequently enough (e.g., every
several years) to continually modify
the channel (Wolman and Miller



1960). In many streams and rivers
with a small range of flood flows,
bankfull flow can build and main-
tain the active floodplain through
stream migration (Leopold et al.
1964). However, the concept of a
dominant discharge may not be ap-
plicable in all flow regimes (Wolman
and Gerson 1978). Furthermore, in
some flow regimes, the flows that
build the channel may differ from
those that build the floodplain. For
example, in rivers with a wide range
of flood flows, floodplains may ex-
hibit major bar deposits, such as
berms of boulders along the channel,



or other features that are left by
infrequent high-magnitude floods
(e.g., Miller 1990).



Over periods of years to decades,
a single river can consistently pro-
vide ephemeral, seasonal, and per-
sistent types of habitat that range
from free-flowing, to standing, to no
water. This predictable diversity of
in-channel and floodplain habitat
types has promoted the evolution of
species that exploit the habitat mo-
saic created and maintained by hy-
drologic variability. For many river-
ine species, completion of the life
cycle requires an array of different
habitat types, whose availability over
time is regulated by the flow regime
(e.g., Greenberg et al. 1996, Reeves
et al. 1996, Sparks 1995). Indeed,
adaptation to this environmental dy-
namism allows aquatic and flood-
plain species to persist in the face of
seemingly harsh conditions, such as
floods and droughts, that regularly
destroy and re-create habitat elements.



From an evolutionary perspective,
the pattern of spatial and temporal
habitat dynamics influences the rela-
tive success of a species in a particu-
lar environmental setting. This habi-
tat template (Southwood 1977),
which is dictated largely by flow
regime, creates both subtle and pro-
found differences in the natural his-
tories of species in different segments
of their ranges. It also influences
species distribution and abundance,
as well as ecosystem function (Poff
and Allan 1995, Schlosser 1990,
Sparks 1992, Stanford et al. 1996).
Human alteration of flow regime
changes the established pattern of
natural hydrologic variation and dis-
turbance, thereby altering habitat
dynamics and creating new condi-
tions to which the native biota may
be poorly adapted.



Human alteration of
flow regimes
Human modification of natural hy-
drologic processes disrupts the dy-
namic equilibrium between the move-
ment of water and the movement of
sediment that exists in free-flowing
rivers (Dunne and Leopold 1978).
This disruption alters both gross-
and fine-scale geomorphic features
that constitute habitat for aquatic
and riparian species (Table 1). After



Figure 3. Stream valley cross-sections at various locations in a watershed illustrate basic
principles about natural pathways of water moving downhill and human influences on
hydrology. Runoff, which occurs when precipitation exceeds losses due to evaporation
and plant transpiration, can be divided into four components (a): overland flow (1) occurs
when precipitation exceeds the infiltration capacity of the soil; shallow subsurface
stormflow (2) represents water that infiltrates the soil but is routed relatively quickly to
the stream channel; saturated overland flow (3) occurs where the water table is close to
the surface, such as adjacent to the stream channel, upstream of first-order tributaries,
and in soils saturated by prior precipitation; and groundwater flow (4) represents
relatively deep and slow pathways of water movement and provides water to the stream
channel even during periods of little or no precipitation. Collectively, overland and
shallow subsurface flow pathways create the peaks in the hydrograph that are a river’s
response to storm events, whereas deeper groundwater pathways are responsible for
baseflow. Urbanized (b) and agricultural (c) land uses increase surface flow by increasing
the extent of impermeable surfaces, reducing vegetation cover, and installing drainage
systems. Relative to the unaltered state, channels often are scoured to greater depth by
unnaturally high flood crests and water tables are lowered, causing baseflow to drop.
Side-channels, wetlands, and episodically flooded lowlands comprise the diverse flood-
plain habitats of unmodified river ecosystems (d). Levees or flood walls (e) constructed
along the banks retain flood waters in the main channel and lead to a loss of floodplain
habitat diversity and function. Dams impede the downstream movement of water and can
greatly modify a river’s flow regime, depending on whether they are operated for storage
(e) or as “run-of-river,” such as for navigation (f).
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such a disruption, it may take centu-
ries for a new dynamic equilibrium
to be attained by channel and flood-
plain adjustments to the new flow
regime (Petts 1985); in some cases, a
new equilibrium is never attained,
and the channel remains in a state of
continuous recovery from the most
recent flood event (Wolman and
Gerson 1978). These channel and
floodplain adjustments are some-
times overlooked because they can
be confounded with long-term re-
sponses of the channel to changing
climates (e.g., Knox 1972). Recogni-
tion of human-caused physical
changes and associated biological
consequences may require many
years, and physical restoration of
the river ecosystem may call for dra-
matic action (see box on the Grand
Canyon flood, page 774).



Dams, which are the most obvi-
ous direct modifiers of river flow,
capture both low and high flows for
flood control, electrical power gen-
eration, irrigation and municipal
water needs, maintenance of recre-
ational reservoir levels, and naviga-



tion. More than 85% of the inland
waterways within the continental
United States are now artificially
controlled (NRC 1992), including
nearly 1 million km of rivers that are
affected by dams (Echeverria et al.
1989). Dams capture all but the fin-
est sediments moving down a river,
with many severe downstream con-
sequences. For example, sediment-
depleted water released from dams
can erode finer sediments from the
receiving channel. The coarsening of
the streambed can, in turn, reduce
habitat availability for the many
aquatic species living in or using
interstitial spaces. In addition, chan-
nels may erode, or downcut, trigger-
ing rejuvenation of tributaries, which
themselves begin eroding and mi-
grating headward (Chien 1985, Petts
1984). Fine sediments that are con-
tributed by tributaries downstream
of a dam may be deposited between
the coarse particles of the streambed
(e.g., Sear 1995). In the absence of
high flushing flows, species with life
stages that are sensitive to sedimen-
tation, such as the eggs and larvae of



many invertebrates and fish, can suf-
fer high mortality rates.



For many rivers, it is land-use
activities, including timber harvest,
livestock grazing, agriculture, and
urbanization, rather than dams, that
are the primary causes of altered
flow regimes. For example, logging
and the associated building of roads
have contributed greatly to degrada-
tion of salmon streams in the Pacific
Northwest, mainly through effects
on runoff and sediment delivery
(NRC 1996). Converting forest or
prairie lands to agricultural lands
generally decreases soil infiltration
and results in increased overland
flow, channel incision, floodplain iso-
lation, and headward erosion of
stream channels (Prestegaard 1988).
Many agricultural areas were drained
by the construction of ditches or tile-
and-drain systems, with the result
that many channels have become en-
trenched (Brookes 1988).



These land-use practices, com-
bined with extensive draining of
wetlands or overgrazing, reduce re-
tention of water in watersheds and,



Table 1. Physical responses to altered flow regimes.



Source(s) of alteration Hydrologic change(s) Geomorphic response(s) Reference(s)



Dam Capture sediment moving Downstream channel erosion and Chien 1985, Petts 1984, 1985,
downstream tributary headcutting Williams and Wolman 1984



Bed armoring (coarsening) Chien 1985



Dam, diversion Reduce magnitude and frequency Deposition of fines in gravel Sear 1995, Stevens et al. 1995
of high flows



Channel stabilization and Johnson 1994, Williams and
narrowing Wolman 1984



Reduced formation of point bars, Chien 1985, Copp 1989,
secondary channels, oxbows, Fenner et al. 1985
and changes in channel planform



Urbanization, tiling, drainage Increase magnitude and frequency Bank erosion and channel widening Hammer 1972
of high flows



Downward incision and floodplain Prestegaard 1988
disconnection



Reduced infiltration into soil Reduced baseflows Leopold 1968



Levees and channelization Reduce overbank flows Channel restriction causing Daniels 1960, Prestegaard
downcutting et al. 1994



Floodplain deposition and Sparks 1992
erosion prevented



Reduced channel migration and Shankman and Drake 1990
formation of secondary channels



Groundwater pumping Lowered water table levels Streambank erosion and channel Kondolf and Curry 1986
downcutting after loss of vegetation
stability
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instead, route it quickly downstream,
increasing the size and frequency of
floods and reducing baseflow levels
during dry periods (Figure 3b; Leo-
pold 1968). Over time, these prac-
tices degrade in-channel habitat for
aquatic species. They may also iso-
late the floodplain from overbank
flows, thereby degrading habitat for
riparian species. Similarly, urban-
ization and suburbanization associ-
ated with human population expan-
sion across the landscape create
impermeable surfaces that direct
water away from subsurface path-
ways to overland flow (and often
into storm drains). Consequently,
floods increase in frequency and in-
tensity (Beven 1986), banks erode,
and channels widen (Hammer 1972),



and baseflow declines during dry pe-
riods (Figure 3c).



Whereas dams and diversions af-
fect rivers of virtually all sizes, and
land-use impacts are particularly evi-
dent in headwaters, lowland rivers
are greatly influenced by efforts to
sever channel–floodplain linkages.
Flood control projects have short-
ened, narrowed, straightened, and
leveed many river systems and cut
the main channels off from their flood-
plains (NRC 1992). For example,
channelization of the Kissimmee River
above Lake Okeechobee, Florida, by
the US Army Corps of Engineers
transformed a historical 166 km
meandering river with a 1.5 to 3 km
wide floodplain into a 90 km long
canal flowing through a series of five



impoundments, resulting in great loss
of river channel habitat and adjacent
floodplain wetlands (Toth 1995).
Because levees are designed to pre-
vent increases in the width of flow,
rivers respond by cutting deeper
channels, reaching higher velocities,
or both.



Channelization and wetland
drainage can actually increase the
magnitude of extreme floods, be-
cause reduction in upstream storage
capacity results in accelerated water
delivery downstream. Much of the
damage caused by the extensive
flooding along the Mississippi River
in 1993 resulted from levee failure as
the river reestablished historic con-
nections to the floodplain. Thus, al-
though elaborate storage dam and
levee systems can “reclaim” the
floodplain for agriculture and hu-
man settlement in most years, the
occasional but inevitable large floods
will impose increasingly high disas-
ter costs to society (Faber 1996). The
severing of floodplains from rivers
also stops the processes of sediment
erosion and deposition that regulate
the topographic diversity of flood-
plains. This diversity is essential for
maintaining species diversity on
floodplains, where relatively small
differences in land elevation result in
large differences in annual inunda-
tion and soil moisture regimes, which
regulate plant distribution and abun-
dance (Sparks 1992).



Ecological functions of the
natural flow regime
Naturally variable flows create and
maintain the dynamics of in-channel
and floodplain conditions and habi-
tats that are essential to aquatic and
riparian species, as shown schemati-
cally in Figure 4. For purposes of
illustration, we treat the components
of a flow regime individually, al-
though in reality they interact in
complex ways to regulate geomor-
phic and ecological processes. In de-
scribing the ecological functions as-
sociated with the components of a
flow regime, we pay particular at-
tention to high- and low-flow events,
because they often serve as ecologi-
cal “bottlenecks” that present criti-
cal stresses and opportunities for a
wide array of riverine species (Poff
and Ward 1989).



Since the Glen Canyon dam first began to store water in 1963, creating
Lake Powell, some 430 km (270 miles) of the Colorado River, including



Grand Canyon National Park, have been virtually bereft of seasonal floods.
Before 1963, melting snow in the upper basin produced an average peak
discharge exceeding 2400 m3/s; after the dam was constructed, releases
were generally maintained at less than 500 m3/s. The building of the dam
also trapped more than 95% of the sediment moving down the Colorado
River in Lake Powell (Collier et al. 1996).



This dramatic change in flow regime produced drastic alterations in the
dynamic nature of the historically sediment-laden Colorado River. The
annual cycle of scour and fill had maintained large sandbars along the river
banks, prevented encroachment of vegetation onto these bars, and limited
bouldery debris deposits from constricting the river at the mouths of
tributaries (Collier et al. 1997). When flows were reduced, the limited
amount of sand accumulated in the channel rather than in bars farther up
the river banks, and shallow low-velocity habitat in eddies used by juvenile
fishes declined. Flow regulation allowed for increased cover of wetland and
riparian vegetation, which expanded into sites that were regularly scoured
by floods in the constrained fluvial canyon of the Colorado River; however,
much of the woody vegetation that established after the dam’s construction
is composed of an exotic tree, salt cedar (Tamarix sp.; Stevens et al. 1995).
Restoration of flood flows clearly would help to steer the aquatic and
riparian ecosystem toward its former state and decrease the area of wetland
and riparian vegetation, but precisely how the system would respond to an
artificial flood could not be predicted.



In an example of adaptive management (i.e., a planned experiment to
guide further actions), a controlled, seven-day flood of 1274 m3/s was
released through the Glen Canyon dam in late March 1996. This flow,
roughly 35% of the pre-dam average for a spring flood (and far less than
some large historical floods), was the maximum flow that could pass
through the power plant turbines plus four steel drainpipes, and it cost
approximately $2 million in lost hydropower revenues (Collier et al. 1997).
The immediate result was significant beach building: Over 53% of the
beaches increased in size, and just 10% decreased in size. Full documenta-
tion of the effects will continue to be monitored by measuring channel
cross-sections and studying riparian vegetation and fish populations.



A controlled flood in the Grand Canyon
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The magnitude and frequency of
high and low flows regulate numer-
ous ecological processes. Frequent,
moderately high flows effectively
transport sediment through the chan-
nel (Leopold et al. 1964). This sedi-
ment movement, combined with the
force of moving water, exports or-
ganic resources, such as detritus and
attached algae, rejuvenating the bio-
logical community and allowing
many species with fast life cycles and
good colonizing ability to reestab-
lish (Fisher 1983). Consequently, the
composition and relative abundance
of species that are present in a stream
or river often reflect the frequency
and intensity of high flows (Meffe
and Minckley 1987, Schlosser 1985).



High flows provide further eco-
logical benefits by maintaining eco-
system productivity and diversity.
For example, high flows remove and
transport fine sediments that would
otherwise fill the interstitial spaces
in productive gravel habitats (Beschta
and Jackson 1979). Floods import
woody debris into the channel (Keller
and Swanson 1979), where it creates
new, high-quality habitat (Figure 4;
Moore and Gregory 1988, Wallace
and Benke 1984). By connecting the
channel to the floodplain, high
overbank flows also maintain
broader productivity and diversity.
Floodplain wetlands provide impor-
tant nursery grounds for fish and
export organic matter and organ-
isms back into the main channel (Junk
et al. 1989, Sparks 1995, Welcomme
1992). The scouring of floodplain
soils rejuvenates habitat for plant
species that germinate only on bar-
ren, wetted surfaces that are free of
competition (Scott et al. 1996) or
that require access to shallow water
tables (Stromberg et al. 1997). Flood-
resistant, disturbance-adapted ripar-
ian communities are maintained by
flooding along river corridors, even
in river sections that have steep banks
and lack floodplains (Hupp and
Osterkamp 1985).



Flows of low magnitude also pro-
vide ecological benefits. Periods of
low flow may present recruitment
opportunities for riparian plant spe-
cies in regions where floodplains are
frequently inundated (Wharton et
al. 1981). Streams that dry tempo-
rarily, generally in arid regions, have
aquatic (Williams and Hynes 1977)



and riparian (Nilsen et al. 1984) spe-
cies with special behavioral or physi-
ological adaptations that suit them
to these harsh conditions.



The duration of a specific flow
condition often determines its eco-
logical significance. For example, dif-
ferences in tolerance to prolonged
flooding in riparian plants (Chapman
et al. 1982) and to prolonged low flow
in aquatic invertebrates (Williams and
Hynes 1977) and fishes (Closs and
Lake 1996) allow these species to
persist in locations from which they
might otherwise be displaced by
dominant, but less tolerant, species.



The timing, or predictability, of
flow events is critical ecologically
because the life cycles of many
aquatic and riparian species are timed
to either avoid or exploit flows of
variable magnitudes. For example,
the natural timing of high or low
streamflows provides environmen-
tal cues for initiating life cycle tran-
sitions in fish, such as spawning
(Montgomery et al. 1983, Nesler et
al. 1988), egg hatching (Næsje et al.
1995), rearing (Seegrist and Gard
1978), movement onto the flood-
plain for feeding or reproduction
(Junk et al. 1989, Sparks 1995,
Welcomme 1992), or migration up-
stream or downstream (Trépanier et
al. 1996). Natural seasonal varia-
tion in flow conditions can prevent



the successful establishment of non-
native species with flow-dependent
spawning and egg incubation require-
ments, such as striped bass (Morone
saxatilis; Turner and Chadwick
1972) and brown trout (Salmo trutta;
Moyle and Light 1996, Strange et al.
1992).



Seasonal access to floodplain wet-
lands is essential for the survival of
certain river fishes, and such access
can directly link high wetland produc-
tivity with fish production in the stream
channel (Copp 1989, Welcomme
1979). Studies of the effects on stream
fishes of both extensive and limited
floodplain inundation (Finger and
Stewart 1987, Ross and Baker 1983)
indicate that some fishes are adapted
to exploiting floodplain habitats, and
these species decline in abundance
when floodplain use is restricted.
Models indicate that catch rates and
biomass of fish are influenced by
both maximum and minimum wet-
land area (Power et al. 1995,
Welcomme and Hagborg 1977), and
empirical work shows that the area
of floodplain water bodies during
nonflood periods influences the spe-
cies richness of those wetland habi-
tats (Halyk and Balon 1983). The
timing of floodplain inundation is
important for some fish because mi-
gratory and reproductive behaviors
must coincide with access to and avail-



Figure 4. Geomorphic and ecological functions provided by different levels of flow.
Water tables that sustain riparian vegetation and that delineate in-channel baseflow
habitat are maintained by groundwater inflow and flood recharge (A). Floods of
varying size and timing are needed to maintain a diversity of riparian plant species
and aquatic habitat. Small floods occur frequently and transport fine sediments,
maintaining high benthic productivity and creating spawning habitat for fishes (B).
Intermediate-size floods inundate low-lying floodplains and deposit entrained sedi-
ment, allowing for the establishment of pioneer species (C). These floods also import
accumulated organic material into the channel and help to maintain the characteristic
form of the active stream channel. Larger floods that recur on the order of decades
inundate the aggraded floodplain terraces, where later successional species establish
(D). Rare, large floods can uproot mature riparian trees and deposit them in the channel,
creating high-quality habitat for many aquatic species (E).
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ability of floodplain habitats (Wel-
comme 1979). The match of reproduc-
tive period and wetland access also
explains some of the yearly variation
in stream fish community composition
(Finger and Stewart 1987).



Many riparian plants also have
life cycles that are adapted to the
seasonal timing components of natu-



ral flow regimes through their “emer-
gence phenologies”—the seasonal
sequence of flowering, seed dispersal,
germination, and seedling growth.
The interaction of emergence phe-
nologies with temporally varying
environmental stress from flooding
or drought helps to maintain high
species diversity in, for example,



southern floodplain forests (Streng
et al. 1989). Productivity of riparian
forests is also influenced by flow
timing and can increase when short-
duration flooding occurs in the grow-
ing season (Mitsch and Rust 1984,
Molles et al. 1995).



The rate of change, or flashiness,
in flow conditions can influence spe-



Table 2. Ecological responses to alterations in components of natural flow regime.a



Flow component Specific alteration Ecological response Reference(s)



Magnitude and Increased variation Wash-out and/or stranding Cushman 1985, Petts 1984
frequency Loss of sensitive species Gehrke et al. 1995, Kingsolving



and Bain 1993, Travnichek et
al. 1995



Increased algal scour and wash-out of Petts 1984
organic matter



Life cycle disruption Scheidegger and Bain 1995



Altered energy flow Valentin et al. 1995
Flow stabilization Invasion or establishment of exotic species,



leading to:
  Local extinction Kupferberg 1996, Meffe 1984
  Threat to native commercial species Stanford et al. 1996
  Altered communities Busch and Smith 1995, Moyle



1986, Ward and Stanford 1979
Reduced water and nutrients to floodplain
plant species, causing:
  Seedling desiccation Duncan 1993
  Ineffective seed dispersal Nilsson 1982
  Loss of scoured habitat patches and second- Fenner et al. 1985, Rood et al.
  ary channels needed for plant establishment 1995, Scott et al. 1997,



Shankman and Drake 1990
  Encroachment of vegetation into channels Johnson 1994, Nilsson 1982



Timing Loss of seasonal flow peaks Disrupt cues for fish:
  Spawning Fausch and Bestgen 1997,



Montgomery et al. 1993, Nesler
et al. 1988



  Egg hatching Næsje et al. 1995
  Migration Williams 1996
Loss of fish access to wetlands or backwaters Junk et al. 1989, Sparks 1995
Modification of aquatic food web structure Power 1992, Wootton et al. 1996
Reduction or elimination of riparian plant Fenner et al. 1985
recruitment
Invasion of exotic riparian species Horton 1977
Reduced plant growth rates Reily and Johnson 1982



Duration Prolonged low flows Concentration of aquatic organisms Cushman 1985, Petts 1984
Reduction or elimination of plant cover Taylor 1982
Diminished plant species diversity Taylor 1982
Desertification of riparian species Busch and Smith 1995, Stromberg
composition et al. 1996
Physiological stress leading to reduced plant Kondolf and Curry 1986, Perkins et
growth rate, morphological change, al. 1984, Reily and Johnson 1982,
or mortality Rood  et al. 1995, Stromberg et al.



1992



Prolonged baseflow “spikes” Downstream loss of floating eggs Robertson 1997



Altered inundation duration Altered plant cover types Auble et al. 1994



Prolonged inundation Change in vegetation functional type Bren 1992, Connor et al. 1981
Tree mortality Harms et al. 1980
Loss of riffle habitat for aquatic species Bogan 1993



Rate of change Rapid changes in river stage Wash-out and stranding of aquatic species Cushman 1985, Petts 1984



Accelerated flood recession Failure of seedling establishment Rood et al. 1995



aOnly representative studies are listed here. Additional references are located on the Web at http://lamar.colostate.edu/~poff/natflow.html.
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cies persistence and coexistence. In
many streams and rivers, particu-
larly in arid areas, flow can change
dramatically over a period of hours
due to heavy storms. Non-native
fishes generally lack the behavioral
adaptations to avoid being displaced
downstream by sudden floods
(Minckley and Deacon 1991). In a
dramatic example of how floods can
benefit native species, Meffe (1984)
documented that a native fish, the Gila
topminnow (Poeciliopsis occidentalis),
was locally extirpated by the intro-
duced predatory mosquitofish (Gam-
busia affinis) in locations where natu-
ral flash floods were regulated by
upstream dams, but the native species
persisted in naturally flashy streams.



Rapid flow increases in streams of
the central and southwestern United
States often serve as spawning cues
for native minnow species, whose
rapidly developing eggs are either
broadcast into the water column or
attached to submerged structures as
floodwaters recede (Fausch and Best-
gen 1997, Robertson in press). More
gradual, seasonal rates of change in
flow conditions also regulate the per-
sistence of many aquatic and riparian
species. Cottonwoods (Populus spp.),
for example, are disturbance species
that establish after winter–spring
flood flows, during a narrow “win-
dow of opportunity” when competi-
tion-free alluvial substrates and wet
soils are available for germination.
A certain rate of floodwater reces-
sion is critical to seedling germina-
tion because seedling roots must re-
main connected to a receding water
table as they grow downward (Rood
and Mahoney 1990).



Ecological responses to altered
flow regimes
Modification of the natural flow re-
gime dramatically affects both
aquatic and riparian species in
streams and rivers worldwide. Eco-
logical responses to altered flow re-
gimes in a specific stream or river
depend on how the components of
flow have changed relative to the
natural flow regime for that particu-
lar stream or river (Poff and Ward
1990) and how specific geomorphic
and ecological processes will respond
to this relative change. As a result of



variation in flow regime within and
among rivers (Figure 2), the same
human activity in different locations
may cause different degrees of change
relative to unaltered conditions and,
therefore, have different ecological
consequences.



Flow alteration commonly changes
the magnitude and frequency of high
and low flows, often reducing vari-
ability but sometimes enhancing the
range. For example, the extreme daily
variations below peaking power hy-
droelectric dams have no natural
analogue in freshwater systems and
represent, in an evolutionary sense,
an extremely harsh environment of
frequent, unpredictable flow distur-
bance. Many aquatic populations liv-
ing in these environments suffer high
mortality from physiological stress,
from wash-out during high flows,
and from stranding during rapid de-
watering (Cushman 1985, Petts
1984). Especially in shallow shore-
line habitats, frequent atmospheric
exposure for even brief periods can
result in massive mortality of bot-
tom-dwelling organisms and subse-
quent severe reductions in biological
productivity (Weisberg et al. 1990).
Moreover, the rearing and refuge
functions of shallow shoreline or
backwater areas, where many small
fish species and the young of large
species are found (Greenberg et al.
1996, Moore and Gregory 1988),
are severely impaired by frequent
flow fluctuations (Bain et al. 1988,
Stanford 1994). In these artificially
fluctuating environments, specialized
stream or river species are typically
replaced by generalist species that
tolerate frequent and large varia-
tions in flow. Furthermore, life cycles
of many species are often disrupted
and energy flow through the ecosys-
tem is greatly modified (Table 2).
Short-term flow modifications clearly
lead to a reduction in both the natu-
ral diversity and abundance of many
native fish and invertebrates.



At the opposite hydrologic ex-
treme, flow stabilization below cer-
tain types of dams, such as water
supply reservoirs, results in artifi-
cially constant environments that
lack natural extremes. Although pro-
duction of a few species may in-
crease greatly, it is usually at the
expense of other native species and
of systemwide species diversity



(Ward and Stanford 1979). Many
lake fish species have successfully
invaded (or been intentionally estab-
lished in) flow-stabilized river envi-
ronments (Moyle 1986, Moyle and
Light 1996). Often top predators,
these introduced fish can devastate
native river fish and threaten com-
mercially valuable stocks (Stanford
et al. 1996). In the southwestern
United States, virtually the entire
native river fish fauna is listed as
threatened under the Endangered
Species Act, largely as a consequence
of water withdrawal, flow stabiliza-
tion, and exotic species prolifera-
tion. The last remaining strongholds
of native river fishes are all in dy-
namic, free-flowing rivers, where
exotic fishes are periodically reduced
by natural flash floods (Minckley
and Deacon 1991, Minckley and
Meffe 1987).



Flow stabilization also reduces the
magnitude and frequency of overbank
flows, affecting riparian plant species
and communities. In rivers with con-
strained canyon reaches or multiple
shallow channels, loss of high flows
results in increased cover of plant
species that would otherwise be re-
moved by flood scour (Ligon et al.
1995, Williams and Wolman 1984).
Moreover, due to other related ef-
fects of flow regulation, including
increased water salinity, non-native
vegetation often dominates, such as
the salt cedar (Tamarix sp.) in the
semiarid western United States
(Busch and Smith 1995). In alluvial
valleys, the loss of overbank flows
can greatly modify riparian commu-
nities by causing plant desiccation,
reduced growth, competitive exclu-
sion, ineffective seed dispersal, or
failure of seedling establishment
(Table 2).



The elimination of flooding may
also affect animal species that de-
pend on terrestrial habitats. For ex-
ample, in the flow-stabilized Platte
River of the United States Great
Plains, the channel has narrowed
dramatically (up to 85%) over a
period of decades (Johnson 1994).
This narrowing has been facilitated
by vegetative colonization of sand-
bars that formerly provided nest-
ing habitat for the threatened pip-
ing plover (Charadius melodius)
and endangered least tern (Sterna
antillarum; Sidle et al. 1992). Sand-
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hill cranes (Grus canadensis), which
made the Platte River famous, have
abandoned river segments that have
narrowed the most (Krapu et al. 1984).



Changes in the duration of flow
conditions also have significant bio-
logical consequences. Riparian plant
species respond dramatically to chan-
nel dewatering, which occurs fre-
quently in arid regions due to surface
water diversion and groundwater
pumping. These biological and eco-
logical responses range from altered
leaf morphology to total loss of ri-
parian vegetation cover (Table 2).
Changes in duration of inundation,
independent of changes in annual
volume of flow, can alter the abun-
dance of plant cover types (Auble et
al. 1994). For example, increased
duration of inundation has contrib-
uted to the conversion of grassland
to forest along a regulated Austra-
lian river (Bren 1992). For aquatic
species, prolonged flows of particu-
lar levels can also be damaging. In
the regulated Pecos River of New
Mexico, artificially prolonged high
summer flows for irrigation displace
the floating eggs of the threatened
Pecos bluntnose shiner (Notropis sinius
pecosensis) into unfavorable habitat,
where none survive (Robertson in
press).



Modification of natural flow tim-
ing, or predictability, can affect
aquatic organisms both directly and
indirectly. For example, some native
fishes in Norway use seasonal flow
peaks as a cue for egg hatching, and
river regulation that eliminates these
peaks can directly reduce local popu-
lation sizes of these species (Næsje et
al. 1995). Furthermore, entire food
webs, not just single species, may be
modified by altered flow timing. In
regulated rivers of northern Califor-
nia, the seasonal shifting of scouring
flows from winter to summer indi-
rectly reduces the growth rate of juve-
nile steelhead trout (Oncorhyncus
mykiss) by increasing the relative
abundance of predator-resistant in-
vertebrates that divert energy away
from the food chain leading to trout
(Wootton et al. 1996). In unregu-
lated rivers, high winter flows re-
duce these predator-resistant insects
and favor species that are more pal-
atable to fish.



Riparian plant species are also
strongly affected by altered flow tim-



ing (Table 2). A shift in timing of
peak flows from spring to summer,
as often occurs when reservoirs are
managed to supply irrigation water,
has prevented reestablishment of the
Fremont cottonwood (Populus
fremontii), the dominant plant spe-
cies in Arizona, because flow peaks
now occur after, rather than before,
its germination period (Fenner et al.
1985). Non-native plant species with
less specific germination require-
ments may benefit from changes in
flood timing. For example, salt
cedar’s (Tamarix sp.) long seed dis-
persal period allows it to establish
after floods occurring any time during
the growing season, contributing to its
abundance on floodplains of the west-
ern United States (Horton 1977).



Altering the rate of change in flow
can negatively affect both aquatic
and riparian species. As mentioned
above, loss of natural flashiness



threatens most of the native fish fauna
of the American Southwest (Minckley
and Deacon 1991), and artificially
increased rates of change caused by
peaking power hydroelectric dams
on historically less flashy rivers cre-
ates numerous ecological problems
(Table 2; Petts 1984). A modified
rate of change can devastate riparian
species, such as cottonwoods, whose
successful seedling growth depends
on the rate of groundwater recession
following floodplain inundation. In
the St. Mary River in Alberta,
Canada, for example, rapid draw-
downs of river stage during spring
have prevented the recruitment of
young trees (Rood and Mahoney
1990). Such effects can be reversed,
however. Restoration of the spring
flood and its natural, slow recession
in the Truckee River in California
has allowed the successful establish-
ment of a new generation of cotton-



Figure 5. A brief history of flow alteration in the United States.
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wood trees (Klotz and Swanson
1997).



Recent approaches to
streamflow management
Methods to estimate environmental
flow requirements for rivers focus



primarily on one or a few species
that live in the wetted river channel.
Most of these methods have the nar-
row intent of establishing minimum
allowable flows. The simplest make
use of easily analyzed flow data, of
assumptions about the regional simi-
larity of rivers, and of professional



opinions of the minimal flow needs
for certain fish species (e.g., Larson
1981).



A more sophisticated assessment
of how changes in river flow affect
aquatic habitat is provided by the
Instream Flow Incremental Method-
ology (IFIM; Bovee and Milhous



Table 3. Recent projects in which restoration of some component(s) of natural flow regimes has occurred or been proposed
for specific ecological benefits.



Location Flow component(s) Ecological purpose(s) Reference



Trinity River, CA Mimic timing and magnitude of peak Rejuvenate in-channel gravel habitats; restore Barinaga 1996a



flow early riparian succession; provide migration
flows for juvenile salmon



Truckee River, CA Mimic timing, magnitude, and duration Restore riparian trees, especially cottonwoods Klotz and Swanson
of peak flow, and its rate of change 1997
during recession



Owens River, CA Increase base flows; partially restore Restore riparian vegetation and habitat for Hill and Platts in
overbank flows native fishes and non-native brown trout press



Rush Creek, CA (and other Increase minimum flows Restore riparian vegetation and habitat for LADWP 1995
tributaries to Mono Lake) waterfowl and non-native fishes



Oldman River and tributaries, Increase summer flows; reduce rates of Restore riparian vegetation (cottonwoods) Rood et al. 1995
southern Alberta, Canada postflood stage decline; mimic natural and cold-water (trout) fisheries



flows in wet years



Green River, UT Mimic timing and duration of peak flow Recovery of endangered fish species; enhance Stanford 1994
and duration and timing of nonpeak other native fishes
flows; reduce rapid baseflow fluctu-
ations from hydropower generation



San Juan River, UT/NM Mimic magnitude, timing, and duration Recovery of endangered fish species        —b



of peak flow; restore low winter
baseflows



Gunnison River, CO Mimic magnitude, timing, and duration Recovery of endangered fish species        —b



of peak flow; mimic duration and timing
of nonpeak flows



Rio Grande River, NM Mimic timing and duration of flood- Ecosystem processes (e.g., nitrogen flux, Molles et al. 1995
plain inundation microbial activity, litter decomposition)



Pecos River, NM Regulate duration and magnitude of Determine spawning and habitat needs Robertson 1997
summer irrigation releases to mimic for threatened fish species
spawning flow “spikes”; maintain
minimum flows



Colorado River, AZ Mimic magnitude and timing Restore habitat for endangered fish species Collier et al. 1997
and scour riparian zone



Bill Williams River, AZ Mimic natural flood peak timing Promote establishment of native trees USCOE 1996
(proposed) and duration



Pemigewasset River, NH Reduce frequency (i.e., to no more Enhance native Atlantic salmon recovery FERC 1995
than natural frequency) of high flows
during summer low-flow season; reduce
rate of change between low and high
flows during hydropower cycles



Roanoke River, VA Restore more natural patterning of Increased reproduction of striped bass Rulifson and Manooch
monthly flows in spring; reduce rate of 1993
change between low and high flows
during hydropower cycles



Kissimmee River, FL Mimic magnitude, duration, rate of Restore floodplain inundation to recover Toth 1995
change, and timing of high- and low- wetland functions; reestablish in-channel
flow periods habitats for fish and other aquatic species



aJ. Polos, 1997, personal communication. US Fish & Wildlife Service, Arcata, CA.
bF. Pfeifer, 1997, personal communication. US Fish & Wildlife Service, Grand Junction, CO.
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1978). IFIM combines two models, a
biological one that describes the physi-
cal habitat preferences of fishes (and
occasionally macroinvertebrates) in
terms of depth, velocity, and substrate,
and a hydraulic one that estimates
how the availability of habitat for
fish varies with discharge. IFIM has
been widely used as an organiza-
tional framework for formulating
and evaluating alternative water
management options related to pro-
duction of one or a few fish species
(Stalnaker et al. 1995).



As a predictive tool for ecological
management, the IFIM modeling
approach has been criticized both in
terms of the statistical validity of its
physical habitat characterizations
(Williams 1996) and the limited re-
alism of its biological assumptions
(Castleberry et al. 1996). Field tests
of its predictions have yielded mixed
results (Morehardt 1986). Although
this approach continues to evolve,
both by adding biological realism
(Van Winkle et al. 1993) and by
expanding the range of habitats
modeled (Stalnaker et al. 1995), in
practice it is often used only to estab-
lish minimum flows for “important”
(i.e., game or imperiled) fish species.
But current understanding of river
ecology clearly indicates that fish
and other aquatic organisms require
habitat features that cannot be main-
tained by minimum flows alone (see
Stalnaker 1990). A range of flows is
necessary to scour and revitalize
gravel beds, to import wood and
organic matter from the floodplain,
and to provide access to productive
riparian wetlands (Figure 4). Inter-
annual variation in these flow peaks
is also critical for maintaining chan-
nel and riparian dynamics. For ex-
ample, imposition of only a fixed
high-flow level each year would sim-
ply result in the equilibration of in-
channel and floodplain habitats to
these constant peak flows.



Moreover, a focus on one or a few
species and on minimum flows fails
to recognize that what is “good” for
the ecosystem may not consistently
benefit individual species, and that
what is good for individual species
may not be of benefit to the ecosys-
tem. Long-term studies of naturally
variable systems show that some spe-
cies do best in wet years, that other
species do best in dry years, and that



overall biological diversity and eco-
system function benefit from these
variations in species success (Tilman
et al. 1994). Indeed, experience in
river restoration clearly shows the
impossibility of simultaneously en-
gineering optimal conditions for all
species (Sparks 1992, 1995, Toth
1995). A holistic view that attempts
to restore natural variability in eco-
logical processes and species success
(and that acknowledges the tremen-
dous uncertainty that is inherent in
attempting to mechanistically model
all species in the ecosystem) is neces-
sary for ecosystem management and
restoration (Franklin 1993).



Managing toward a natural
flow regime
The first step toward better incorpo-
rating flow regime into the manage-
ment of river ecosystems is to recog-
nize that extensive human alteration
of river flow has resulted in wide-
spread geomorphic and ecological
changes in these ecosystems. The his-
tory of river use is also a history of
flow alteration (Figure 5). The early
establishment of the US Army Corps
of Engineers is testimony to the im-
portance that the nation gave to de-
veloping navigable water routes and
to controlling recurrent large floods.
However, growing understanding of
the ecological impacts of flow alter-
ation has led to a shift toward an
appreciation of the merits of free-
flowing rivers. For example, the Wild
and Scenic Rivers Act of 1968 recog-
nized that the flow of certain rivers
should be protected as a national
resource, and the recent blossoming
of natural flow restoration projects
(Table 3) may herald the beginning
of efforts to undo some of the dam-
age of past flow alterations. The next
century holds promise as an era for
renegotiating human relationships
with rivers, in which lessons from past
experience are used to direct wise and
informed action in the future.



A large body of evidence has
shown that the natural flow regime
of virtually all rivers is inherently
variable, and that this variability is
critical to ecosystem function and
native biodiversity. As we have al-
ready discussed, rivers with highly
altered and regulated flows lose their
ability to support natural processes



and native species. Thus, to protect
pristine or nearly pristine systems, it
is necessary to preserve the natural
hydrologic cycle by safeguarding
against upstream river development
and damaging land uses that modify
runoff and sediment supply in the
watershed.



Most rivers are highly modified,
of course, and so the greatest chal-
lenges lie in managing and restoring
rivers that are also used to satisfy
human needs. Can reestablishing the
natural flow regime serve as a useful
management and restoration goal?
We believe that it can, although to
varying degrees, depending on the
present extent of human interven-
tion and flow alteration affecting a
particular river. Recognizing the
natural variability of river flow and
explicitly incorporating the five com-
ponents of the natural flow regime
(i.e., magnitude, frequency, duration,
timing, and rate of change) into a
broader framework for ecosystem
management would constitute a
major advance over most present
management, which focuses on mini-
mum flows and on just a few species.
Such recognition would also con-
tribute to the developing science of
stream restoration in heavily altered
watersheds, where, all too often,
physical channel features (e.g., bars
and woody debris) are re-created
without regard to restoring the flow
regime that will help to maintain
these re-created features.



Just as rivers have been incremen-
tally modified, they can be incre-
mentally restored, with resulting
improvements to many physical and
biological processes. A list of recent
efforts to restore various components
of a natural flow regime (that is, to
“naturalize” river flow) demon-
strates the scope for success (Table
3). Many of the projects summarized
in Table 3 represent only partial steps
toward full flow restoration, but they
have had demonstrable ecological
benefits. For example, high flood
flows followed by mimicked natural
rates of flow decline in the Oldman
River of Alberta, Canada, resulted in
a massive cottonwood recruitment
that extended for more than 500 km
downstream from the Oldman Dam.
Dampening of the unnatural flow
fluctuations caused by hydroelectric
generation on the Roanoke River in
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Virginia has increased juvenile abun-
dances of native striped bass. Mim-
icking short-duration flow spikes that
are historically caused by summer
thunderstorms in the regulated Pecos
River of New Mexico has benefited
the reproductive success of the Pecos
bluntnose shiner.



We also recognize that there are
scientific limits to how precisely the
natural flow regime for a particular
river can be defined. It is possible to
have only an approximate knowl-
edge of the historic condition of a
river, both because some human ac-
tivities may have preceded the instal-
lation of flow gauges, and because
climate conditions may have changed
over the past century or more. Fur-
thermore, in many rivers, year-to-
year differences in the timing and
quantity of flow result in substantial
variability around any average flow
condition. Accordingly, managing
for the “average” condition can be
misguided. For example, in human-
altered rivers that are managed for
incremental improvements, restoring
a flow pattern that is simply propor-
tional to the natural hydrograph in
years with little runoff may provide
few if any ecological benefits, be-
cause many geomorphic and eco-
logical processes show nonlinear re-
sponses to flow. Clearly, half of the
peak discharge will not move half of
the sediment, half of a migration-
motivational flow will not motivate
half of the fish, and half of an
overbank flow will not inundate half
of the floodplain. In such rivers, more
ecological benefits would accrue
from capitalizing on the natural be-
tween-year variability in flow. For
example, in years with above-aver-
age flow, “surplus” water could be
used to exceed flow thresholds that
drive critical geomorphic and eco-
logical processes.



If full flow restoration is impos-
sible, mimicking certain geomorphic
processes may provide some ecologi-
cal benefits. Well-timed irrigation
could stimulate recruitment of val-
ued riparian trees such as cotton-
woods (Friedman et al. 1995). Stra-
tegically clearing vegetation from
river banks could provide new
sources of gravel for sediment-
starved regulated rivers with reduced
peak flows (e.g., Ligon et al. 1995).
In all situations, managers will be



required to make judgments about
specific restoration goals and to work
with appropriate components of the
natural flow regime to achieve those
goals. Recognition of the natural flow
variability and careful identification
of key processes that are linked to
various components of the flow re-
gime are critical to making these
judgments.



Setting specific goals to restore a
more natural regime in rivers with
altered flows (or, equally important,
to preserve unaltered flows in pristine
rivers) should ideally be a cooperative
process involving river scientists, re-
source managers, and appropriate
stakeholders. The details of this pro-
cess will vary depending on the spe-
cific objectives for the river in ques-
tion, the degree to which its flow
regime and other environmental vari-
ables (e.g., thermal regime, sediment
supply) have been altered, and the
social and economic constraints that
are in play. Establishing specific cri-
teria for flow restoration will be chal-
lenging because our understanding
of the interactions of individual flow
components with geomorphic and
ecological processes is incomplete.
However, quantitative, river-specific
standards can, in principle, be devel-
oped based on the reconstruction of
the natural flow regime (e.g., Rich-
ter et al. 1997). Restoration actions
based on such guidelines should be
viewed as experiments to be moni-
tored and evaluated—that is, adap-
tive management—to provide criti-
cal new knowledge for creative
management of natural ecosystem
variability (Table 3).



To manage rivers from this new
perspective, some policy changes are
needed. The narrow regulatory fo-
cus on minimum flows and single
species impedes enlightened river
management and restoration, as do
the often conflicting mandates of the
many agencies and organizations that
are involved in the process. Revi-
sions of laws and regulations, and
redefinition of societal goals and poli-
cies, are essential to enable managers
to use the best science to develop ap-
propriate management programs.



Using science to guide ecosystem
management requires that basic and
applied research address difficult
questions in complex, real-world set-
tings, in which experimental con-



trols and statistical replication are
often impossible. Too little attention
and too few resources have been de-
voted to clarifying how restoring
specific components of the flow re-
gime will benefit the entire ecosys-
tem. Nevertheless, it is clear that,
whenever possible, the natural river
system should be allowed to repair
and maintain itself. This approach is
likely to be the most successful and
the least expensive way to restore
and maintain the ecological integrity
of flow-altered rivers (Stanford et al.
1996). Although the most effective
mix of human-aided and natural re-
covery methods will vary with the
river, we believe that existing knowl-
edge makes a strong case that restor-
ing natural flows should be a corner-
stone of our management approach
to river ecosystems.
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≤, less than or equal to
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Drier Forest Composition Associated with 
Hydrologic Change in the Apalachicola River 
Floodplain, Florida



By Melanie R. Darst and Helen M. Light



of the next drier forest type. For all forest types, changes in 
flood durations toward the next drier type were greatest in the 
upper reach (95.9 percent) and least in the lower reach (42.0 
percent). 



All forests are expected to be 38.2 percent drier in 
species composition by 2085, the year when the median age 
of surviving 2004 subcanopy trees will reach the median age 
(99 years) of the 2004 large canopy trees. The change will be 
greatest for forests in the upper reach (45.0 percent). Forest 
composition changes from pre‑1954 to 2085 were calculated 
using Floodplain Indices from 1976 and 2004 tree-size classes 
and replicate plots. 



Species composition in high bottomland hardwood  
forests is expected to continue to change, and some low 
bottomland hardwood forests are expected to become high 
bottomland hardwood forests. Organisms associated with 
floodplain forests will be affected by the changes in tree 
species, which will alter the timing of leaf-out, fruiting, and 
leaf-drop, the types of fruit and debris produced, and soil 
chemistry. Swamps will contain more bottomland hardwood 
species, but will also have an overall loss of tree density.



The density of trees in swamps significantly decreased 
by 37 percent from 1976 to 2004. Of the estimated 4.3 million 
(17 percent) fewer trees that existed in the nontidal floodplain 
in 2004 than in 1976, 3.3 million trees belonged to four swamp 
species: popash, Ogeechee tupelo, water tupelo, and bald 
cypress. Water tupelo, the most important tree in the nontidal 
floodplain in terms of basal area and density, has declined in 
number of trees by nearly 20 percent since 1976. Ogeechee 
tupelo, the species valuable to the tupelo honey industry, has 
declined in number of trees by at least 44 percent.  



Abstract
Forests of the Apalachicola River floodplain had shorter 



flood durations, were drier in composition, and had 17 percent 
fewer trees in 2004 than in 1976. The change to drier forest 
composition is expected to continue for at least 80 more years. 
Floodplain drying was caused by large declines in river levels 
resulting from erosion of the river channel after 1954 and from 
decreased flows in spring and summer months since the 1970s. 
Water-level declines have been greatest at low and medium 
flows, which are the most common flows (occurring about 80 
percent of the time). Water levels have remained relatively 
unchanged during large floods which continue to occur about 
three times per decade.



A study conducted by the U.S. Geological Survey 
compared temporal changes in hydrologic conditions, forest 
composition, forest characteristics, and individual species 
of trees, as well as estimated the potential for change in 
composition of floodplain forests in the nontidal reach of the 
Apalachicola River. The study was conducted with the coop‑
eration of the Florida Department of Environmental Protection 
and the Northwest Florida Water Management District. Forest 
composition and field observations from studies conducted in 
1976-1984 (termed “1976 data”) were used as baseline data 
for comparison with data from plots sampled in 2004-2006 
(“2004 data”).



Flood durations were shorter in all periods subsequent 
to 1923-1976. The periods of record used to calculate flood 
durations for forest data were subsets of the complete record 
available (1923-2004). At sampled plots in all forest types 
and reaches combined, flood durations changed an average 
of more than 70 percent toward the baseline flood duration 
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Greater hydrologic variability in recent years may be the 
reason swamps have had a large decrease in tree density. Drier 
conditions are detrimental for the growth of swamp species, 
and periodic large floods kill invading bottomland hardwood 
trees. The loss of canopy density in swamps may result in the 
swamp floor being exposed to more light with an increase 
in the amount of ground cover present, which in turn, would 
reduce tree replacement. The microclimate of the swamp 
floor would become warmer due to the decrease in shade and 
inundation. Soils would become dehydrated more quickly 
in dry periods and debris would decompose more quickly. 
A loss of tree density in swamps would lead to a decrease 
in tree and leaf litter biomass, which would have additional 
effects on swamp organisms. The loss of litter would result in 
a loss of substrate for benthic organisms in the floodplain and, 
ultimately, in the downstream waters of the river and estuary.



Introduction 
The Apalachicola River is a large alluvial coastal plain stream 
with an extensive forested floodplain. Many species of plants 
and animals, both aquatic and terrestrial, live in the diverse 
aquatic and wetland habitats found in river floodplains. During 
floods, floodwaters are contained within floodplains and, when 
waters subside, floodplain soils retain moisture, ameliorating 
the effects of both floods and droughts, and improving water 
quality by removing contaminants. The benefits of protecting 
and maintaining healthy floodplain ecosystems have been 
described by many authors (Brinson and others, 1981; Clark 
and Benforado, 1981; Wharton and others, 1982; Davis 
and others, 1996; Messina and Conner, 1998; Mitsch and 
Gosselink, 2000). 



Hydrology is the most important factor determining 
ecological processes in floodplains (Greeson and others, 1979; 
Gosselink and others, 1990; Lugo and others, 1990; Carter, 
1996). Inundation, soil saturation, flood depths, and flowing 
water affect plant regeneration and survival and the conse-
quent composition of floodplain forests (Light and others, 
1993; 2002). Increased demands for water in the Apalachicola-
Chattahoochee-Flint (ACF) River Basin (fig. 1) have resulted 
in conflicts among water-user groups in the States of Georgia, 
Alabama, and Florida, particularly during periods of regional 
drought. The effects of altered hydrologic conditions on flood-
plain forests, streams and sloughs, and the downstream river 
and estuary are important issues to be considered in resolving 
these conflicts. 



The effects of drier hydrologic conditions on forest 
composition in river floodplains are usually not imme-
diately evident, but gradual shifts in composition from 
flood-tolerant species to species of drier sites are expected 
to occur over time (Klimas, 1988). Results from a study by 
Palta and others (2003) indicate that decreased tree-diameter 
growth and possible changes in forest composition due to 
invading upland and exotic species were linked to changes 



in hydrology following dam construction on the Savannah 
River. Other effects of altered flow regimes on the Savannah 
River might be decreased seed transport and inhibition of seed 
germination and early growth in bald cypress and water tupelo 
seedlings. In these studies, floodplains have experienced 
either a decrease or an increase in flood durations. This report 
addresses the changes in Apalachicola River floodplain forests 
caused by drier conditions during low and medium flows 
without a significant change in conditions during large flood 
events.



Purpose and Scope 



A study was conducted by the U.S. Geological Survey 
(USGS) with the cooperation of the Florida Department of 
Environmental Protection (FDEP) and the Northwest Florida 
Water Management District (NWFWMD) to assess changes 
that have occurred in forests in the nontidal floodplain of the 
Apalachicola River. The objectives of this report are to:



Compare 1976 to 2004 hydrologic conditions in •	
floodplain forests 



Compare 1976 to 2004 composition of floodplain •	
forests



Describe changes in other forest characteristics, •	
including changes in abundance of individual species 
of trees



Estimate the potential for future change in composition •	
of floodplain forests.



The study area includes the nontidal reach of the 
Apalachicola River from the Jim Woodruff Dam at river mile 
(rm) 106.4, downstream to the beginning of the tidal reach at 
rm 20.6 (fig. 2). Fieldwork conducted to sample 2004 forest 
composition was performed from October 2004 to August 
2006.



Acknowledgments



The authors are indebted to many people who contributed 
fieldwork and technical assistance. Among them are Lee Reed, 
Tony Stallins, Keith Smith, Angus Gholson, Grayal Farr, Matt 
Smith, Zachary Rapple, Kelly Watson, Leigh Brooks, and 
Vicki Dezsö, volunteers; Terry Petrosky, Alejandro Sepulveda, 
Lori Lewis, Marian Berndt, Gary Mahon, and Jack Grubbs of 
the USGS, and Graham Lewis of the NWFWMD. The authors 
also appreciate the technical review comments of Mary Davis 
of The Nature Conservancy and Robert Mattson of the St. 
Johns River Water Management District; and administrative 
guidance from Graham Lewis of the NWFWMD, Gary Mahon 
of the USGS, and John Outland of the FDEP. Assistance from 
the USGS publications staff was also appreciated, particularly 
Ron Spencer for graphics, and Twila Darden Wilson for 
editorial review and layout. 











Introduction     3



DRAINAGE BASIN OF THE APALACHICOLA,
CHATTAHOOCHEE, AND FLINT RIVERS



STUDY AREA



FLORIDA
SC



LOCATION
MAP



ALA



GA



EXPLANATION



85° 84° 83°86°
35°



34°



33°



32°



31°



30°



29°



0



50 MILES



50 KILOMETERS



0



Base from U.S. Geological Survey digital data, 1972
Albers Equal-Area Conic projection
Standard Parallels 29°30´ and 45°30´, central meridian -83°00´



GULF  OF  MEXICO



Columbus



Albany



Atlanta



ALABAM
A



GEORGIA



GEORGIA



ALA



FLORIDA



FLA



SC



Rive
r



Cha
tta



ho
oc



he
e



Lake
Seminole



Lake
Sidney
Lanier
A



pa
la



ch
ic



ol
a



C
hipola



R
iver



Apalachicola
Bay



Ri
ve



r



O



c



e



chlo



kn
ee



Riv
r



C
ho



ct
aw



e



hatch
e



R
iv



er



S
uw



a
nnee



R.



C
ha



i
tt



a
ho



o
ch



ee
R



ve
r



Ta
ll



a
po



os



r



a
vRi e Flint River



O
cm



ulgee
R



iver



O
conee



R
iver



C
oosa



River



Tallahassee



Au
ci



lla
Ri



ve
r



St
. M



ar
ks



R
iv



er



Telogia
Creek



Figure 1.  Drainage basin of the Apalachicola, 
Chattahoochee, and Flint Rivers in Florida, 
Georgia, and Alabama.
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Setting and Background



The Apalachicola River is formed by the confluence of 
the Chattahoochee and Flint Rivers near the Georgia-Florida 
State line (fig. 1). The ACF basin covers an area of 50,800 
square kilometers (km2). The Chattahoochee and Flint Rivers 
in Georgia and Alabama drain about 90 percent of the basin. 
The remaining 10 percent of the basin, located primarily 
in Florida, is drained by the Apalachicola River and its 
largest tributary, the Chipola River. The Apalachicola River 
floodplain is the largest floodplain in Florida with 33,300 
hectares (ha) of bottomland hardwood forests and swamps 
in the nontidal reaches. More than 70 tree species grow in 
the Apalachicola River floodplain, ranking this area as high 
among North American floodplains in tree species richness 
(Brinson, 1990). 



Floodplain Study Area and Forest Types



The floodplain of the Apalachicola River is the land 
covered by water from the river during the typical annual 
flood (2-year, 1-day high flow). Flooding usually occurs in 
late winter through early spring with low flows in September 
through November (Leitman and others, 1984). The floodplain 
is within the physiographic area called the Coastal Lowlands 
(Puri and Vernon, 1964), an area that is generally low in 
elevation; the fall of the nontidal river from its head at Jim 
Woodruff Dam to rm 20.6 is about 12.5 meters (m) over a 
stream length of 137 km (Light and others, 2006), an average 
gradient of 0.09 meter per kilometer (m/km). Soils in the 
nontidal Apalachicola River floodplain are predominantly clay 
with some silt-clay and clay loams. Sandy soils are found on 
sandbars, high ridges, and levees.



The nontidal floodplain of the Apalachicola River is 
divided into three reaches (fig. 2). The upper reach begins 
just below Jim Woodruff Dam at rm 106.4 and extends about 
47 km downstream to a streamflow gaging station (gage) 
located near Blountstown at rm 77.5. The middle reach is 
the longest reach, about 58 km long, ending at a gage near 
Wewahitchka at rm 41.8. The nontidal lower reach is about 
34 km long, extending from Wewahitchka to a gage near 
Sumatra at rm 20.6. In the upper reach, the floodplain is 
2-3 km wide with high bluffs on the eastern bank. The flood‑
plain valley widens in the middle and lower reaches to 
a maximum width of 6-8 km. The tidal reach was not included 
as part of this study.



The lowest elevations of the floodplain (excluding 
permanent open-water bodies) are tupelo-cypress swamps 
that are continuously flooded for 4 to 9 months each year. 
Low bottomland hardwood (Loblh) forests are present on low 
ridges and flats where continuous flooding lasts 2 to 4 months 
yearly. High bottomland hardwood (Hiblh) forests grow on the 
higher elevations of the floodplain (levees and ridges) that are 
commonly inundated for 2 to 6 weeks each year (Leitman and 
others, 1984).



 Population and development along the river are rela‑
tively sparse. Timber interests control large parts of the upper 
and middle reaches of the floodplain, but the lower reach is 
now principally conservation lands owned by the State of 
Florida. Cypress trees were systematically logged throughout 
the floodplain from the 1880s to the 1920s, and only a small 
number of very large, old cypresses remain today. Most of the 
logging of the past was selective cutting for desirable timber 
trees (Neal Land and Timber Company, oral commun., 2004), 
but more recently, many areas of the floodplain have been 
clear-cut or nearly so. Aerial photographs of the floodplain 
taken in 1941 show a mostly continuous forest canopy with 
faint striations that were probably caused by draglines from 
the removal of cypress trees (fig. 3).



Water-Level Decline in the Apalachicola River



Water levels have declined over the past 50 years as 
a result of both erosion of the river channel locally and 
decreased spring and summer flows from the upstream 
watershed (Light and others, 2006). The combined effects 
of both types of water-level declines vary by location along 
the river and have been greatest at low and medium flows of 
less than 850 cubic meters per second (m3/s) (30,000 cubic 
feet per second (ft3/s)), which are the most common flows 
(occurring about 80 percent of the time). Declines have 
been most severe during drought conditions in the spring 
and summer months of April, May, July, and August, with 
river levels 1.9 m lower at the Chattahoochee gage and 0.9 m 
lower for most of the remaining nontidal river (fig. 4). Water 
levels have not declined appreciably during large floods of 
2,830 m3/s (100,000 ft3/s) or greater, which continue to occur 
as frequently as prior to 1954 (about three times per decade).



In the upper 64 km of the Apalachicola River, water-level 
declines caused by channel erosion occurred primarily as a 
consequence of the construction of Jim Woodruff Dam in 
1954. Trapping of sediment in the reservoir formed by the dam 
resulted in the scour of riverbed sediments downstream from 
the dam. The influence of the dam on bed scour was greatest 
just downstream from the dam, where a decline of 1.5 m 
occurred, and progressively decreased with increasing distance 
from the dam to a decline of 0.3 m about 16 km downstream 
from Blountstown. The relatively large water-level decline of 
0.9 m near rm 35 in the lower reach of the river (fig. 4) was 
probably a result of several meander cut-offs (rerouting of 
the river channel at bends in the river) constructed in 1956 
and 1969 that shortened the length of the river in the lower 
reach by 3.2 km. (When river straightening shortens a river, 
it steepens the slope of the riverbed, increasing flow velocity 
and, therefore, increasing bed scour.) In addition, dredging, 
dredged material disposal, snagging (dead tree removal), 
and other navigational improvements conducted throughout 
the entire nontidal river probably contributed to water-level 
declines in all reaches. Channel maintenance practices were 
changed in the late 1970s to reduce environmental impacts. 
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Figure 2.  Major reaches, forest sampling 
transects, and locations of long-term 
streamflow gaging stations on the 
Apalachicola River, Florida.
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Figure 3.  The forest canopy in 
1941 in the vicinity of the BLT 
transect on the Apalachicola 
River floodplain, Florida. 
The tree canopy appears 
relatively mature and nearly 
continuous despite the removal 
of cypress trees that primarily 
took place from the late 1880s to 
the early 1920s.



Figure 4.  Long-term water-level decline 
corresponding to map location on the 
Apalachicola River, Florida, in April, 
May, July, and August during drought 
conditions. Drought conditions are 
defined as the lowest 10 percent 
of the flows. See Light and others 
(2006) for methods used to calculate 
these data and for results individually 
by month at one location (rm 77.5).
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As a result, additional water-level declines from channel 
erosion since the late 1970s have been relatively minor (Light 
and others, 2006). 



Decreased spring and summer flow from the upstream 
watershed during drought conditions have resulted in further 
declines since 1975 that have lowered water levels throughout 
the entire river. Water-level declines caused by these seasonal 
decreases in flow have been similar to or greater than the 
declines caused by channel erosion along 90 km of the river 
and for more than two-thirds of the nontidal floodplain 
primarily in the middle and lower reaches (fig. 4). Less flow 
during the spring and summer in recent decades is likely 
caused by a combination of changes in rainfall patterns 
and increased human activities in the ACF basin, including 
agricultural irrigation, municipal water use, flow regulation, 
and reservoir evaporation (Light and others, 2006). 



Influence of Flooding on Tree Seedling 
Regeneration in Floodplain Forests



Overbank flooding subjects floodplain forests to inunda‑
tion, saturation, or flowing water conditions. Seeds of trees in 
the floodplain usually do not germinate underwater, so seed‑
lings become established between floods. The long duration of 
inundation and deep flooding that occur in floodplain swamps 
control forest composition primarily through a process of 
exclusion, drowning the seedlings of most bottomland hard‑
wood species before they can become established (Hosner, 
1960; Light and others, 1993). The seedlings of two common 
swamp trees, water tupelo and bald cypress, are more likely 
to survive in swamps because they grow faster than most 
bottomland hardwood species (Harms, 1973; Brown, 1984). 
Taller seedlings are less likely to be totally submerged by 
floods. Swamp tree species also have various physiological 
adaptations for growing in saturated, anoxic soils (Harms, 
1973; Hook and Crawford, 1978; Brown, 1984). Solitary 
individuals of bald cypress grow well at higher elevations 
in the floodplain, and even do well when planted on upland 
sites, but natural stands with large numbers of bald cypress 
trees are present only where flooding lasts long enough to 
limit competition from other species. Limited competition is 
also a necessary prerequisite for the establishment of water 
tupelo trees, but unlike bald cypress, water tupelo requires 
wet conditions to thrive in the seedling stage and will not 
grow well under drier conditions (Applequist, 1959a, 1959b; 
Dickson and others, 1965). More tree species are adapted for 
survival in bottomland hardwoods where flood durations are 
shorter than in swamps. Bottomland hardwood species that 
recover quickly from periods of inundation and saturation 
in the growing season have a competitive advantage in river 
floodplains over upland species. 



Methods
Basal area, density, and other characteristics of forest 



composition were sampled using different methods in several 
studies conducted from 1976 to 1984 and in the present study 
from 2004 to 2006. River stage records at each forest transect 
were estimated from long-term streamgage records and used 
to calculate flood duration, depth, and frequency by forest 
type and reach. 



Forest Sampling



Four previous forest sampling studies conducted from 
1976 to 1984 provided baseline information for the current 
study: 



The Leitman thesis study (Leitman, 1978) (hereafter •	
called the “thesis study”)



The Apalachicola River Quality Assessment (ARQA) •	
study (Leitman and others, 1984)



The Eichholz study (Eichholz and others, 1979)•	



The Gholson study (Gholson, 1985). •	
Forest sampling was repeated during the current study in 
2004-2006 at many of the sites sampled previously from 
1976-1984. 



Quantitative results from the thesis study (conducted 
from 1976 to 1977) and the ARQA study (conducted in 1979) 
are collectively referred to as “1976 data,” and recent sampling 
(conducted from 2004 to 2006) is referred to as “2004 data.” 
The 1976 and 2004 data were collected at 12 transects in the 
nontidal river floodplain (fig. 2). The following abbreviations 
are used throughout this report for identifying the transects: 
CH, Chattahoochee; TO, Torreya; SE, Sweetwater; BLT, 
Blountstown; OR, Old River; MR, Muscogee Reach; PL, 
Porter Lake; WEW, Wewahitchka; EA, EB, and EC, Eichholz 
transects A, B, and C; and BR, Brickyard. 



A comparison of methods used to collect and analyze 
1976 and 2004 data is presented in table 1. All individual 
sample points and plots in this study are called “plots” regard‑
less of sampling methods used to obtain data. 



Thesis Study, 1976-1977



The objective of the thesis study was to correlate 
elevations, water levels, and soils to tree communities on 
the Apalachicola River floodplain. Two transects, BLT 
and WEW, were located near gaging stations on the river 
and were each about 1 ha in size (Leitman, 1978). All 
trees greater than or equal to (≥) 7.5 centimeter (cm) in 
diameter at breast height (dbh) were identified, measured 
for dbh, surveyed for elevation, and mapped using an 
alidade and plane table. Buttressed, forked, or deformed 
trees were measured for dbh according to methods in Avery 
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(1967). Trees with multiple trunks were counted as one tree, 
and only the largest trunk was measured for dbh. The cross-
sectional area of each tree trunk was computed from the 
dbh (area = π * (dbh/2) 2) and summarized as basal area in 
square meters per hectare. Density was determined as the 
number of trees per hectare. Transects were subdivided into 
11 plots (5 at BLT, 6 at WEW) based on ground elevations 



and species associations. Species dominance at plots was 
calculated as relative basal area (rba; the sum of basal area 
for all trees of each species divided by the total basal area 
at each plot) and as relative density (rd; the total number of 
trees of each species divided by the total number of trees on 
each plot). Data collection took place from September 1976 
to September 1977.



Table 1.  Methods used to collect and analyze 1976 and 2004 composition data from forests of the Apalachicola River floodplain, Florida.



[ARQA, Apalachicola River Quality Assessment; cm, centimeter; dbh, diameter at breast height; GIS, geographic information system; GPS; global positioning 
system; ha, hectare; m, meter; m2, square meters; rm, river mile]



Task or parameter 
sampled



Sampling and analysis methods



1976 Data



2004 Data
Thesis transects a



ARQA  Data b 



Cruise transects Intensive Plots



Location and 
selection of 
sampling transects, 
points, and plots



Transects (BLT and WEW) placed 
near gages. Sites selected for 
relatively undisturbed, mature 
forest appearance and presence 
of all forest types. Sites subdi-
vided into 11 plots (5 at BLT, 6 at 
WEW c) based on ground eleva-
tions and species associations.



Transects spaced at regular 
intervals along the downstream 
gradient.Transect at rm 29 and 
parts of two other transects 
not sampled due to logging or 
agricultural use. Points spaced at 
regular intervals (usually 91.5 m 
apart) along transects.



Plots located on two ARQA 
cruise transects (SE and BR). 
Plots selected for relatively 
undisturbed, mature forest 
appearance.



Approximate location of most 
plots determined on GIS and 
then located in field using 
GPS. Exact location of BLT 
and WEW plots established in 
field. Plots typically placed in 
relatively undisturbed, mature 
forests.



Tree sampling  
method



All trees within a defined area iden-
tified and measured. Trees mapped 
using alidade and plane table.



Cruise sampling using glass  
wedge prisms to select trees to  
be identified and measured.



All trees in a plot with an 
area of 506 m2 identified and 
measured.



All trees in plot with an area 
of 531 m2 identified and mea-
sured. Surviving original trees 
at BLT and WEW transects 
identified, tagged, and mea-
sured; new trees identified and 
measured.



Sizes of trees  
sampled



All trees with dbh ≥ 7.5 cm



No size limits. Original data 
included 42 trees with dbh ≥ 2  
and < 7.5 cm that were not used  
in analysis.



All trees with dbh ≥ 7.5 cm



All trees with dbh ≥ 2.5 cm. 
For trees with dbh ≥ 2.5 and 
< 7.5 cm, dbh recorded as 
“less than” (exact dbh not 
recorded).



Dates of data 
collection



September 1976 to  
September 1977



August 1979 to  
December 1979



August 1979 to  
December 1979



October 2004 to  
August 2006



Calculation of 
basal area basal area = πr2



The basal area of every tree 
sampled at each cruise transect 
point was equal to the basal area 
factor of the prism used at that 
point.d



basal area = πr2 basal area = πr2



Calculation of  
density



density = number of trees/ha
3183.0989/(dbh X PRF)2, where 
PRF = “plot radius factor” for 
prism used.d



density = number of trees/ha density = number of trees/ha



a Leitman (1978).
b Leitman and others (1984).
c One plot on a point bar with a young pioneer forest was not included in this study.
d Calculations of basal area and density based on Avery (1967).
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Apalachicola River Quality Assessment (ARQA) 
Study, 1979



The ARQA was part of a national USGS river water-
quality assessment program. One of the objectives of the 
ARQA was to relate the distribution and composition of 
floodplain forests to hydrologic conditions. Vegetation 
data for ARQA studies was collected at two types of sites, 
cruise transects and intensive plots, employing two different 
sampling methods.. Forests on cruise transects were sampled 
with methods that were developed to enable timber cruisers 
to rapidly assess the overall condition of large forest stands 
by sampling at many points with a minimum amount of 
data collected at each point (Kulow, 1965; Avery, 1967). 
Forests at intensive plots were sampled using standard plot-
sampling methods to quantify forest composition in more 
detail (Leitman and others, 1984). Vegetative data collection 
at ARQA cruise transects and intensive plots began in August 
1979 and continued through December 1979.



Cruise Transects



Seven cruise transects (CH, TO, SE, OR, MR, PL, 
and BR) across the floodplain were approximately equally 
spaced from the Jim Woodruff Dam at Chattahoochee to just 
downstream from the gage at Sumatra (fig. 2). One of these 
transects, PL, did not span the full width of the floodplain 
because of logging activities. No transect was surveyed 
between the Wewahitchka gage and the Sumatra gage because 
of clear-cutting at the selected location. Although the BR 
transect is 0.8 rm downstream from the Sumatra gage, data 
from the eastern half of the transect were included in the 
current study, because tidal influence is minimal in forests 
on the eastern end of the transect. An eighth cruise transect 
located downstream from BR was not used in the current 
study, because the transect was tidally influenced. Locations 
of transects in the field were determined using USGS quad‑
rangle maps and field-reckoning techniques. Cruise-transect 
sampling points were usually spaced at 91.5 meter (m) 
intervals across each transect, determined by pacing along a 
predetermined bearing using a handheld compass.



Sampling at each point along cruise transects 
was conducted using glass wedge prisms. The prism-
sampling method uses no minimum tree diameter limit and 
no defined plot size. Species, dbh, and prism basal area 
factor were recorded for every tree sampled at each point. 
The prism basal area factor was selected in the field based 
on the heterogeneity of the plot and the optimum number of 
trees per sample. Basal area and density were calculated for 
tree species at sampled points using the formulas listed in 
table 1 which were developed for timber cruising using the 
prism-sampling method (Kulow, 1965; Avery, 1967). Although 
data from cruise transects were obtained at sampling points, 
all locations where data were collected are referred to as 
“plots” for convenience when discussing data from multiple 



studies. ARQA cruise-transect data were the only data 
used in this report that were collected by using the prism-
sampling method.



Five forest types designated A through E were defined 
using the conventions of Eyre (1980). Types A and B were 
bottomland hardwood forests and C, D, and E were swamp 
types. Out of 160 cruise-transect plots surveyed in the nontidal 
reaches, 13 plots were not assigned forest types because forest 
definitions did not cover all possible compositions and were 
not mutually exclusive.



Intensive Plots



At 16 intensive plots on two of the cruise transects (SE 
and BR) hydrologic and vegetative data were collected more 
intensively than at cruise-transect plots. Five of the intensive 
plots on the western end of the BR transect were not used in 
the current study because of tidal influence. Intensive plots 
were located on or close to the cruise transects in all forest 
types. The optimum plot size was determined by conducting 
a nested-plot test (Mueller-Dombois and Ellenberg, 1974). 
Intensive plots were square and 506 square meters (m2) in 
area. Rules for determining dbh and basal area were similar 
to those used on the thesis plots (Leitman, 1978). Species and 
diameter were determined for every tree in the plot with a 
dbh ≥ 7.5 cm. Calculations of basal area, rba, density, and rd 
were made for species in each plot. Forest-type designations 
were the same as those developed for cruise transects.



Eichholz Study, 1978
The purpose of the Eichholz study was to assess 



the impact of U.S. Army Corps of Engineers (USACE) 
dredged material disposal practices on fish and wildlife 
resources of the Apalachicola River (Eichholz and others, 
1979). Twelve spoil disposal sites were selected for sampling; 
five of these sites were located in the nontidal part of the 
floodplain. At each site, transects perpendicular to the river’s 
edge were established across spoil sites and in adjacent 
areas not affected by disposal. The unaffected transects 
were controls for assessing the effects of disposal practices. 
Site maps were created and points at 30-m intervals along 
transects were sampled using a point-centered quarter method. 
Ash (Fraxinus) and gum (Nyssa) trees were not identified 
to species. Data were collected in November 1978. Average 
percentage cover for species for entire transects was summa‑
rized in tables, but forest composition at the original sampling 
points is unknown because the raw field data from this study 
are not available. Although quantitative forest composition 
data from the Eichholz study were not used in the current 
study, 1978 site maps and summarized forest data were helpful 
in classifying 22 new plots that were located on three Eichholz 
control-site transects (EA, EB, and EC) and sampled in the 
2004 data. In addition, lists of species from the Eichholz study 
were compared with 2004 data for analysis of the distribution 
of species.
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Gholson Study, 1984
The purpose of the Gholson study was to collect 



vegetation data on and near within-banks disposal sites 
and compare it to vegetation on undisturbed sites to assess 
biological impacts of within-banks disposal (Gholson, 
1985). A total of 17 study sites were located along the main 
channel, 11 of which were located in the study area of the 
current study (5 at disposal sites, 6 at nondisposal sites). 
During the months of October and November 1984, a 
large area was surveyed at each site for plant species in 
several topographic zones defined by Gholson. Results in 
the Gholson report include lists of plant species from all 
strata, maps, photographs, and a brief description of the 
condition and aspect of each site. Lists of species from the 
Gholson study were compared with 2004 data for analysis of 
the distribution of species.



Current Study, 2004-2006
Forest composition was sampled at 95 plots located 



along 12 transects (2 thesis transects, 7 ARQA cruise 
transects, and 3 Eichholz transects). At the thesis transects 
(BLT and WEW), the exact location of the plots was recov‑
ered and surviving individual trees were remapped. Part of 
the original levee plot at BLT had eroded into the river, and 
the WEW transect was logged sometime between 1999 and 
2004, completely destroying two of the original six plots 
(fig. 5). Two plots (one was an old sandbar that was not used 
in the current study) remained intact, and two plots were 
partially intact. Comparisons between 1976 and 2004 forest 
composition for damaged plots were based on partial plots 
with boundaries defined by the 2004 extent. 



The exact locations of original ARQA cruise transects, 
ARQA intensive plots, and Eichholz transects were not 
recoverable, so transects were drawn on Geographic 
Information System (GIS) maps using maps, aerial photo‑
graphs, and field notes from the original studies. The coor‑
dinates of plots to be sampled were determined in the office 
on GIS maps to reduce the possibility of being subjectively 
located in the field. Plots in the most undisturbed areas of 
forests were selected for sampling in the field from the set of 
predetermined locations after traversing the entire transect. 
Three plots (two at OR and one at MR) were located 
between cruise-transect plots in homogeneous sections of the 
OR and MR transects because the predetermined plot loca‑
tions were in transitional areas. Two plots were located in 
undisturbed areas near the CH and WEW transects, because 



the predetermined plots had been clear-cut. Twenty-two 
plots at the Eichholz transects were spaced 50 m apart to 
prevent unintentional overlap resulting from global posi‑
tioning system (GPS) error. Although the original Eichholz 
data collected in 1978 could not be used in this study, new 
plots along the Eichholz transects (EA, EB, and EC) were 
added to the 2004 data to provide information on forest 
composition and hydrologic conditions in a part of the lower 
reach that was not otherwise sampled. 



Replicate plots sampled in 2004 were placed at the 
exact location as thesis plots or as close as possible to the 
location of other (non-thesis) plots sampled in 1976. There 
were 71 pairs of replicate plots, each of which had a 1976 
sample and a 2004 sample for a total of 142 plots. The repli‑
cate plot group does not include 110 plots sampled in 1976 
that were not replicated in 2004, and 24 plots sampled in 
2004 that had no 1976 replicates (1 near CH transect, 1 near 
WEW transect, and 22 at EA, EB, and EC.



Plots in the 2004 dataset (with the exception of extant 
thesis plots) were circular with a 13 m radius and an area 
of 531 m2, and were created using fiberglass tape and 
flagging to delineate the outer perimeter. All trees with a 
dbh ≥ 7.5 cm (termed “canopy trees” in this report) were 
identified to species and measured for dbh. Common names 
of tree species are used throughout this report. A list of 
common and scientific names is given in appendix 1. Rules 
for determining dbh and basal area were the same as those 
used on the thesis and ARQA intensive plots. In addi‑
tion to canopy data, trees with a dbh less than (<) 7.5 cm 
but ≥ 2.5 cm and greater than (>) 3 m in height (termed 
“subcanopy trees”) were identified to species and counted. 
Exact dbh measurements were not recorded for subcanopy 
trees. Subcanopy dominance was based on density, because 
it is an appropriate measure of dominance of trees with small 
dbhs. Calculations of basal area, rba, density, and rd (density 
and rd only for subcanopy trees) were made for individual 
species at each plot.



 A visual estimate of the extent of ground cover 
was made and the dominant ground-cover species recorded. 
If surface water was present, a percent estimate of the extent 
of the plot covered by water and the depth of water was 
noted. A numbered aluminum tag was nailed into the tree 
closest to the center of each plot. Plots may be recoverable 
for future surveys depending on the accuracy of GPS loca‑
tions, logging activities, and the survival of marked trees.
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Figure 5.  Changes at the WEW transect on 
the Apalachicola River floodplain, Florida, from 
1959 to 2004. When the transect was originally 
established in 1976, there was a young pioneer 
forest at the south end that is visible in the 
1979 photograph but was unvegetated and 
under water in 1959 photograph. The 2004 
photograph shows continued accretion on 
this point bar extending well beyond the south 
end of the transect. The red arrow on the 
2004 photograph indicates a small remnant of 
swamp that was left after most of the transect 
was clear cut.
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Analysis of Forest Data



Rules for determining forest types for 1976 plots were 
developed using dominance of species. Basal area and 
density from all plots were weighted by area of forest types to 
determine the composition of 1976 and 2004 forest types and 
the abundance of species throughout the nontidal floodplain. 
Replicate plot data were used to calculate average basal area 
and density for forest types and species groups. Growth rates, 
tree ages, mortality, and recruitment of tree species were 
calculated from the data on individual trees available from the 
thesis plots. A Floodplain Index (FI) was developed to quan‑
tify and compare composition of forests on a scale of relative 
wetness or dryness from swamp to upland forests. 



Forest Type Determinations using Floodplain 
Species Categories



Forest types for all plots in the 1976 data were redeter‑
mined using the dominance of species weighted by a factor 
developed in this study called the Floodplain Species Category 
(FSC). The assignment of FSCs to tree species was based 
principally on the typical habitat where tree species grew on 
the Apalachicola River floodplain during 1976-1979. Species 
were grouped into four categories, FSC1, FSC2, FSC3, and 
FSC4, with corresponding values from 1 to 4. FSC1 species 
were more dominant in swamps; FSC2 species were more 
dominant in Loblh; FSC3 species were more dominant in 
Hiblh; and FSC4 species were atypical bottomland hardwood 
species or upland species that were found on the higher eleva‑
tions of the floodplain. Additional sources of information used 
to determine FSCs for species were dominance patterns on 
five other north Florida stream floodplains (Light and others, 
1993, 2002), wetland indicator status (Reed, 1988), and other 
accounts of tree species (Fowells, 1965; Clark and Benforado, 
1981). The FSC assigned to each species in the 1976 and 2004 
data is listed in appendix 1. 



All plots from the 1976 data were redetermined as three 
forest types: Hiblh, Loblh, and swamps by applying rules 
based on the dominance of species weighted by FSC catego‑
ries (table 2). Rules were designed to be mutually exclusive 
and to yield a type determination for all possible forest compo‑
sitions. Canopy dominance was calculated from basal area in 
this study, because basal area more closely represents cover 
or biomass for canopy trees than density. Previous studies in 
the Apalachicola River and on other north Florida streams 
used basal area as the principal determinate of forest type. 
An example of the calculation of forest type for a hypothetical 
forest plot is shown in table 2.



Redeterminations using the above rules resulted in forest 
types that were like those used in the ARQA study (Leitman 
and others, 1984), with Hiblh similar to their “Type A” forest, 
Loblh forest similar to “Type B”, and swamps analogous 
to forest types C, D, and E. Other forest types used in the 
ARQA study (“Pioneer” and “A/pine”) were not included in 



the present study. Previous rules for determining forest types 
used by Leitman and others (1984, p. A31) were not mutually 
exclusive, and 8 percent of the cruise-transect plots remained 
unclassified in that study, because they did not fit any of the 
forest types. Using the new rules, 4 cruise-transect plots (out of 
a total of 160) and 1 ARQA intensive plot changed forest type 
from that which was originally assigned, and all 13 previously 
unidentified cruise-transect plots were given a forest type. 



To measure change from baseline (1976) to recent (2004) 
conditions, plots sampled in 2004 needed to be assigned 
the same forest type as the original plot in 1976, regardless 
of their 2004 composition. Therefore, all forest type deter‑
minations for the 2004 data were based on the forest types 
determined for 1976 plots from the rules created in this study. 
At the 24 plots that did not have a replicate in 1976 (1 at CH; 
1 at WEW; and 22 at EA, EB, and EC), the 1976 forest types 
were estimated by locating the plots on 1979 aerial infrared 
photographs and designating a 1976 forest type based on 
visual signatures, site maps (Eichholz and others, 1979), and a 
floodplain forest map (Leitman, 1984). Throughout this report 
all 1976 and 2004 data are grouped by the redetermined 1976 
forest types.



Basal Area and Density 
Basal area and density of species from all plots (181 plots 



sampled in 1976 and 95 plots sampled in 2004) were weighted 
to determine the composition of each forest type throughout 
the entire nontidal floodplain and to provide information on 
changes from 1976 to 2004 in the total basal area and number 
of trees in the floodplain. The same analysis of basal area and 
density of species was repeated using unweighted data from 
the replicate plots (71 pairs, 142 plots). Changes in basal area 
and density from 1976 to 2004 for all plots and for replicate 
plots were statistically analyzed using t-tests (paired two-
sample test for means). 



Species Composition of Forest Types



Forest type composition was calculated separately for the 
two 1976 sampling-methods sets: (1) ARQA cruise-transect 
data, sampled with prisms without defined plot sizes and 
(2) thesis and ARQA intensive-plot data combined, sampled 
with defined plot sizes. The separation of the 1976 data into 
the two sets was done to allow a comparison of composition 
determined by the two different sampling methods. Basal 
area and density for each species were determined for each 
plot individually. Data from each plot were considered equal, 
regardless of plot size. Data from all plots in each forest type 
in each reach were summed and then divided by the number of 
plots to yield the average basal area and density values of each 
forest type in each reach. 



 Average basal area and density of species in each forest 
type for each reach were weighted by a factor based on 
the area of each forest type in each reach of the floodplain. 
Weighting was necessary for several reasons: (1) forest types 
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Table 2.  Use of Floodplain Species Categories to calculate forest types for plots sampled in the Apalachicola River 
floodplain, Florida.



[The Floodplain Species Category (FSC) is based on the typical forest association for the species in 1976 data. Hiblh, high 
bottomland hardwood; Loblh, low bottomland hardwood; rba, relative basal area; >, greater than; ≥, greater than or equal to; 
<, less than; %, percent]



            FSC  
          Value Occurrence and dominance in 1976 Apalachicola River floodplain forests



      1 More dominant in swamps
      2 More dominant in Loblh
      3 More dominant in Hiblh
      4 Atypical bottomland hardwood or upland species



Example of forest type calculation for a hypothetical forest plot:



Species a Rba,  
in percent



FSC value
Rba of   



FSC2 species,  
in percent



Rba of   
FSC3 species,  



in percent



Rba of   
FSC4 species,  



in percent



water hickory   26.6 2 26.6    



American elm     2.6 2   2.6    



hackberry   23.0 3   23.0  



sweetgum   19.9 3   19.9  



box elder   14.9 3   14.9  



water oak     2.4 3   2.4  



persimmon     1.8 3   1.8  



possum haw     0.5 3   0.5  



winged elm     8.3 4     8.3



        Total 100.0 29.2 62.5 8.3



Rules for defining forest types:



Swamp Total rba of FSC1 species ≥ 50%



Loblh Total rba of FSC1 + FSC2 species ≥ 50% and total rba of  FSC1 is < 50%



Hiblh Total rba of FSC3 + FSC4 species ≥ 50% and total rba of FSC4 is < 50%



Upland Total rba of FSC4 species ≥ 50%



Application of rule to determine forest type in above example:



Total rba of FSC3 + FSC4  species ≥ 50% and total rba of FSC4 species is < 50%,  
so forest type is Hiblh.



a See appendix 1 for scientific names.
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change in species composition from the upper to the lower 
reach, (2) forest types vary in area from reach to reach, and 
(3) sampling was not done in either 1976 or 2004 in propor‑
tion to the amount of each forest type in each reach. The areas 
of forest types in each reach were derived from a digitized and 
edited GIS version of a floodplain map created by Leitman 
(1984). The areas of forest types in each reach and the 
weighting factors are shown in appendix 2.



Weighting factors were applied to average species 
composition data in each reach and results were combined 
for each forest type to yield the composition of forest types 
in the nontidal floodplain for each of the two 1976 sampling-
methods sets. The two 1976 sampling-method sets were 
compared statistically using the Wilcoxon matched-pairs 
signed-ranks test to see if there were significant differences 
between the two sets. The number of trees sampled on cruise 
transects (1,401) was nearly equal to the number of trees 
sampled at thesis and ARQA intensive plots (1,570) (table 3). 
The weighted species compositions of the two 1976 sampling-
methods sets were averaged together to yield the final 1976 
species composition. Data from plots sampled in 2004 were 
averaged, weighted, and combined by the same methods 
as each 1976 sampling-method dataset. Forest type species 
composition was based on all available 1976 data (from 181 
plots) and 2004 data (from 95 plots).



Abundance of Tree Species throughout the Nontidal 
Floodplain



Total basal area and number of trees in the nontidal 
floodplain were calculated for 15 important tree species and 
for all other species combined using weighted data from all 
1976 and 2004 plots. Data from forest types were combined 
in this analysis to assess the overall change in the abundance 
of species in the nontidal floodplain regardless of forest 
type. T-tests were used to test the significance of differences 
between the 1976 and 2004 weighted data and to determine 
the significance of differences between unweighted 1976 
and 2004 basal area and density from the replicate plots for 
individual species.



Forest Types and Floodplain Species Categories



The changes in basal area and density from 1976 to 2004 
for forest types and species grouped by FSCs were calculated 
using weighted data from the 71 pairs of replicate plots. The 
same analyses of basal area and density were repeated using 
unweighted data from the replicate plots, and statistics (t-tests) 
were calculated from unweighted replicate plot data.



Growth, Age, Mortality, and Recruitment from 
Thesis Data



Additional characteristics of tree species and forest types 
could be calculated and analyzed from the thesis data, because 
the locations of trees identified on 1976 thesis plots were 
recoverable for surviving trees in 2004. Growth rates, extrapo‑
lated tree ages, mortality rates, and recruitment rates for 
species and plots were used to understand the mechanisms of 
floodplain forest growth, structure, and replacement. Median 
ages (calculated from growth rates and extrapolated tree ages) 
of tree-size classes were also used to determine the length of 
time periods used in hydrologic analyses. 



Individual growth rates were calculated for each tree by 
dividing the change in dbh from 1976 to 2004 by the number 
of elapsed years. The elapsed time differed slightly between 
the two transects, 27.5 years at BLT and 28.2 years at WEW. 



Out of 462 surviving trees, 20 trees had negative growth 
and 11 trees had zero growth. All nonpositive growth rates 
were discarded because they generated an unusable value in 
the tree-age calculation (either an infinite age in the case of 
zero growth, or a negative age). Measurement errors could 
have occurred for a number of reasons. Most of the trees 
with negative growth rates had multiple trunks, and it was 
not possible to determine which trunk had been measured 
originally. Trees with attached vines or deformed trunks may 
not have been measured in the same way in 1976 and 2004. 



Table 3.  Characteristics of three sets of data from forests of the  
Apalachicola River floodplain, Florida.



[Canopy trees are all trees with diameter at breast height (dbh) ≥ 7.5 centi­
meters (cm); subcanopy trees, dbh < 7.5 and ≥ 2.5 cm; ARQA, Apalachicola 
River Quality Assessment]



Characteristic



1976 Data
2004  
DataARQA cruise  



transects



Thesis and 
ARQA  



intensive plots



Number of transects 7 4 12



Number of plots 160 a 21 95



Area sampled, in hectares na a 2.5 6.2



Number of canopy trees 1,401 1,570 3,572



Number of subcanopy trees 42 b 0 2,511



Number of species 38 40 47
a Cruise-transect data was sampled using a glass wedge prism at points 



without defined plot sizes.
b Not used in analyses.
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It is possible that the wrong tree could have been identified 
and measured. For most trees on the thesis plots, the mapped 
location, the 1976 dbh, and the locations of surrounding 
species made misidentification highly unlikely; however, for a 
few trees there was more than one possible candidate. 



Positive growth rates from 431 trees were averaged by 
species, and are presented in table 4 as supporting data used 
to develop methods described in the section “Hydrologic 
Time Periods Associated with Forest Sampling Groups.” 
Although growth rates of trees typically vary with age, the 
average growth rate for most species was based on a variety 
of tree sizes and ages. Growth rates could not be calculated 
for buttonbush, red mulberry, swamp privet, black willow, 
or water oak, because there were no surviving trees of these 
species, or for stiffcornel dogwood and chinaberry, which 
were species new to thesis plots in 2004.



The following formula was used to calculate extrapolated 
ages (summarized in app. 3) for each tree belonging to a 
species for which an average growth rate could be determined. 



(dbh / (average annual growth rate for species)) + 5 years = 
extrapolated age, in years 



The additional 5 years included in this formula is an 
estimate of the time necessary for a tree seedling to reach 
breast height and begin measurable diameter growth.



Growth rates calculated for some possum haw and 
persimmon trees were very slow, generating extrapolated 
ages as great as 560 years. To correct these assumed analysis 
errors, adjustments were made by capping all tree ages at 
a maximum of 360 years. This maximum age was based on the 
extrapolated age of the largest tree on the thesis plots, a bald 



Table 4.  Growth rates of tree species at the BLT and WEW transects on the Apalachicola River floodplain, 
Florida.



[Species growth rates were calculated from the average difference between measurements of diameter at breast height 
taken in 1976 and 2004 divided by the number of years elapsed between measurements. Negative or zero growth rates 
for individual trees were not included in the averaged rates. Scientific names of species are listed in appendix 1. cm/yr, 
centimeter per year; ≥, equal to or greater than  >, greater than; <, less than]



Species



Growth rate, in cm/yr  (number of trees sampled)
General description of 



growth rate
Forest type



Average
Hiblh Loblh Swamp



sycamore 0.76  (2) 0.57  (4)   0.63



fast 
(≥ 0.5 cm/yr)



swamp laurel oak 0.31  (7) 0.65  (29)   0.58



green ash 0.32  (6) 0.52  (22) 1.35  (1) 0.51



water tupelo     0.50  (25) 0.50



water hickory   0.46  (40)   0.46



above average 
(< 0.5 and ≥ 0.4 cm/yr)



sweetgum 0.41  (36) 0.48  (31)   0.44



overcup oak 0.35  (3) 0.43  (28) 0.21  (1) 0.41



river birch   0.41  (2)   0.41



bald cypress   0.37  (8) 0.43  (13) 0.41



Ogeechee tupelo   0.61  (4) 0.28  (13) 0.37
average 



(< 0.4 and ≥ 0.3 cm/yr)water locust   0.32  (6) 0.46  (2) 0.35



American elm 0.09  (3) 0.37  (12) 0.45  (3) 0.34



red maple   0.26  (10) 0.29  (7) 0.27



below average 
(< 0.3  and ≥ 0.2 cm/yr)



hackberry 0.21  (8) 0.29  (28)   0.27



winged elm 0.26  (5)     0.26



ironwood 0.23  (12) 0.23 (13)   0.23



popash     0.17  (11) 0.17



slow 
(< 0.2 cm/yr)



box elder 0.15 (4)     0.15



planer tree   0.15  (24) 0.11  (1) 0.15



green haw   0.06  (4)   0.06



possum haw 0.04  (7) 0.02  (3)   0.04



persimmon   0.03  (1)   0.03



Average 0.31  (93) 0.40  (263) 0.39  (75) 0.38  
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cypress at BLT (fig. 6). A total of 11 trees in 1976 and 3 trees 
in 2004 that exceeded the maximum age (all possum haw or 
persimmon) were given the maximum extrapolated age of 360 
years (app. 3). 



Median ages for canopy tree-size classes were the average 
of the median extrapolated ages in the 1976 and 2004 datasets 
(table 5). The extrapolated age of individual subcanopy trees 
could not be calculated because individual dbhs were not 
recorded. The median dbh of the subcanopy size class, 5 cm, 
and the average growth rate of all tree species on thesis plots, 
0.379 centimeter per year (cm/yr), were used to determine 
one median age for all subcanopy trees using the formula: 



 (5 cm / (0.379 cm/yr)) + 5 years = 18 years



Mortality rates were calculated by first dividing the 
number of trees that died since 1976 by the original number 
of trees alive in 1976, using the combined data of both thesis 
transects. The result was then divided by the average number 
of years that elapsed between data-collection dates which 
was 27.85 years. Recruitment rates were calculated in a 
similar manner using the number of canopy trees that appeared 
in the 2004 data that were not in the 1976 data. Recruitment 
rates do not include subcanopy trees.



Comparisons of Forest Type Composition using 
Floodplain Indices



A primary objective of this study was to measure species 
composition change over time to determine if floodplain 
forests have shifted toward a drier mix of species. To accom‑
plish this, a factor called the Floodplain Index (FI) was devel‑
oped to classify forest plot data on a scale of relative dryness 
using a continuum from pure swamp (1.000) to pure upland 
(4.000) forest composition. Wentworth and others (1988) 
proposed the use of a similar type of index as a basis for 
wetland designation. It is important that the FI value for a plot 
not be confused with its forest type. FIs were used to measure 
changes in the relative dryness of the species composition, 
whereas forest types were determined from 1976 data using 
FSCs and rules for defining forest types (table 2). FI values 
were not used to determine forest types. 



FIs for size classes at each plot were calculated by 
first multiplying the relative dominance of each species (based 
on rba for canopy trees and rd for subcanopy trees) by the FSC 
value for that species. All resulting values were then summed 
to determine the FI for the tree-size class of the plot. If 100 
percent of the basal area of the canopy on a plot in 1976 was 
contributed by FSC2 species, the FI value for the 1976 canopy 



Figure 6.  The largest tree in the 
1976 and 2004 datasets was a bald 
cypress tree at the BLT transect in 
the upper reach of the Apalachicola 
River floodplain near Blountstown, 
Florida. Photograph taken by 
Lee Reed.
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of the plot would be 2.000 (100 percent x 2). If 50 percent 
of the basal area of the canopy of the same plot in 2004 was 
contributed by FSC2 species and 50 percent by FSC3 species, 
then the FI for the 2004 canopy of the plot would be 2.5 = 
((50 percent x 2) + (50 percent x 3)). A change of +0.500 in 
an FI value is a change of 50.0 percent of the composition 
toward the next drier forest type. An example of the use of 
FIs to calculate change in composition at a hypothetical plot 
is given in table 6 where the change is +0.134 or 13.4 percent 
toward the composition of the next drier forest type.



FIs were used in two types of analysis to measure 
change in the relative dryness of species composition over 
time: changes in canopy species composition from 1976 to 
2004 at replicate plots and comparisons between size classes 
to estimate past and future composition. In addition, the 
FI differences between size classes on the Apalachicola River 
floodplain were compared to those on five other north Florida 
stream floodplains. For all FI analyses, the Wilcoxon matched-
pairs signed-ranks test was used to test for significance of 
differences. All probability (p) values that are < 0.1 are 
reported as significant in this report.



Changes in Floodplain Indices at Replicate Plots



Replicate plot analysis compared the FIs of 71 plots 
sampled in 1976 to the FIs of 71 plots sampled in 2004 which 
were located as nearly as possible at the original site of 1976 
plots. In the case of the 8 replicate plots at the thesis transects 
(BLT and WEW), 1976 plot locations were exactly recover‑
able in 2004. For parts of the thesis plots that were logged or 
otherwise altered between 1976 and 2004, the 1976 plot was 
limited to match the extent remaining in 2004. For example, 
part of the levee plot at BLT had eroded into the river by 2004, 
so the extent of the 1976 levee plot was reduced to match 
the remnant remaining in 2004. Restricting the 1976 data 



to remnant plots was necessary only for the replicate plot 
analysis. In the size-class analyses described below, FI values 
were calculated for all trees on the original plots. 



Size-Class Comparisons as an Indicator of Past and 
Future Forest Composition



The size of trees roughly correlates to their comparative 
age, because dbh increases with age. Trees in mature forests 
are constantly dying and being replaced by younger, smaller 
trees. Ultimately, all replacement canopy trees come through 
the ranks of sizes from seedling to sapling to subcanopy tree to 
canopy tree. 



Trees were grouped by their dbh into two major size 
classes: canopy trees (dbh ≥ 7.5 cm), and subcanopy trees 
(dbh < 7.5 and ≥ 2.5 cm). The term “canopy tree” in this report 
is based solely on dbh without regard to over- or under-story 
tree height. Canopy trees were further subdivided into large 
canopy trees (dbh ≥ 25 cm) and small canopy trees (dbh < 25 
and ≥ 7.5 cm). There were no subcanopy data available for 
the thesis and ARQA intensive plots. Although the dbh of 
trees was recorded on ARQA cruise-transect plots, size-class 
analyses were not performed on cruise-transect data, because 
size classes from the same plot extent were not available for 
data collected using the glass wedge prism method.



The composition of the 1976 large canopy tree-size class is 
the best representation of forest composition before water levels 
began to decline in 1954. The 1976 large canopy trees were 
probably seedlings or root sprouts in the late 1800s, and most of 
their lives were spent in the hydrologic conditions that existed 
before 1954. Forests in 2004 contained large canopy trees that 
were established prior to 1954, but they also contained some 
younger trees that had lived the greater part of their lives in the 
hydrologic conditions that had occurred since 1954. 



Table 5.  Median ages of tree-size classes in forests of the Apalachicola River 
floodplain, Florida.



[Median ages were calculated using the extrapolated ages of trees at the thesis sites (app. 3). 
Canopy trees are all trees with diameter at breast height (dbh) ≥ 7.5 centimeters (cm); large 
canopy trees, dbh ≥ 25 cm; small canopy trees, dbh ≥ 7.5 and < 25 cm; and subcanopy trees, 
dbh < 7.5 and ≥ 2.5 cm]



Tree-size class Dataset Sample size
Median age,  



in years
Average median 



age, in years



canopy
1976 702 72



73.5
2004 701 75



large canopy
1976 222 95



99
2004 270 103



small canopy
1976 477 50



52.5
2004 431 55



subcanopy 2004 2,507 18 a 18



a Extrapolated age for all subcanopy trees calculated from median dbh of 5.0 cm and 
average growth rate of all species at thesis sites.
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The subcanopy tree-size class reflects the most recent 
hydrologic conditions, because this size class contains the 
greatest percentage of young trees. Present subcanopy compo‑
sition can be used as an indicator of future canopy composi‑
tion, because older trees will eventually be replaced by the 
younger trees growing in today’s subcanopy, assuming future 
hydrologic conditions remain similar to conditions that have 
occurred recently. Some subcanopy species will never grow 
into canopy trees, but those species can serve as indicators of 
hydrologic conditions equally as well as canopy tree species. 
For example, possum haw, a species of limited size potential, 
was commonly sampled on 1976 Hiblh plots and was not 
present on 1976 swamp plots. The presence of possum haw in 
a swamp subcanopy in 2004 could indicate drier hydrologic 
conditions at the site and a drier canopy composition in the 
future, even though possum haw will never grow large enough 
to be a dominant tree by basal area in the canopy. 



Size-class analyses were conducted for each forest type 
and reach by comparing the FI values for the large canopy, 
small canopy, and subcanopy size classes to the FI value 
for the canopy trees. For example, if the large canopy tree-
size class had a lower FI value than the FI value for the 
composition of canopy trees, the difference may indicate that 
hydrologic conditions at the site were generally wetter during 
an earlier period of time (when establishment and growth of 
the large canopy trees occurred) than conditions were during 
the more recent past (when the smaller canopy trees became 
established and grew). If subcanopy trees had drier FIs than 
canopy trees, the site probably experienced drier hydrologic 
conditions in the most recent years, and the canopy will 
probably have a drier species composition in the future. 



Table 6.  Use of the Floodplain Index to calculate change in composition of forest plots in the Apalachicola River 
floodplain, Florida.



[The Floodplain Index (FI) is the total of the relative basal areas (rba) of canopy tree species weighted by Floodplain Species 
Category (FSC). See table 2 for a definition of FSC and appendix 1 for a list of scientific names and FSCs for each species. A 
change of + 0.01 in the FI is a change of 1 percent of the species composition to a drier forest type]



Calculation of FI values for change in a hypothetical floodplain forest plot:



1976 Composition 2004 Composition



Species Rba,  
in percent



FSC 
value



FI value Species
Rba,  



in percent
FSC 



value
FI value



water hickory   40.0 2 0.800 water hickory   26.6 2 0.532



American elm     2.6 2 0.053 American elm     2.6 2 0.053



hackberry   10.0 3 0.300 hackberry   23.0 3 0.689



sweetgum   17.0 3 0.510 sweetgum   19.9 3 0.598



box elder   14.9 3 0.446 box elder   14.9 3 0.446



water oak     2.4 3 0.071 water oak     2.4 3 0.071



persimmon     1.8 3 0.055 persimmon     1.8 3 0.055



possum haw     3.0 3 0.090 possum haw     0.5 3 0.014



winged elm     8.3 4 0.331 winged elm     8.3 4 0.331



  Total 100.0 2.656   Total 100.0 2.790



Change in composition from 1976 to 2004 is the difference in FI values at a hypothetical floodplain forest plot:



2004 FI    2.790
The difference of + 0.134 can be stated as a change  



of 13.4 percent of the species composition toward a drier  



forest type.



1976 FI    2.656



Difference +0.134











Methods    19



Size-Class Comparisons on Other North Florida Stream 
Floodplains



Forest data from studies conducted on five other north 
Florida streams (Light and others, 1993; 2002) were compared 
with results of the current study to determine if the differences 
in FIs between size classes determined on the Apalachicola 
River floodplain are typical for north Florida streams. This 
analysis used a total of 16 transect sections (hereafter called 
plots) on six nontidal transects on the Suwannee River 
floodplain with all three forest types (Hiblh, Loblh, and 
swamp) well represented, a total of nine plots at three sites on 
the Ochlockonee River floodplain with all three forest types 
represented at each site, two Loblh plots on the Aucilla River, 
two Loblh plots on the St. Marks River, and two swamp plots 
on the Telogia Creek floodplain. 



All forest types on these five stream floodplains were 
redetermined for this analysis following the rules used in 
the current study (table 2). The size limits of canopy and 
subcanopy trees originally used on the five other streams were 
different from that used in the current study; canopy trees had 
a dbh ≥ 10 cm and subcanopy trees had a dbh < 10 cm. In this 
analysis, forest data from Apalachicola River floodplain plots 
were reorganized using these size limits to allow comparisons 
with the forest data from the other stream floodplains. 



Statistical analysis of the differences in FIs between size 
classes was conducted for all plots combined (regardless of 
forest type) on both the Suwannee and Ochlockonee River 
floodplains, but not for plots on the other stream floodplains 
because sample sizes were too small. In the summary analysis, 
the differences in FI values between size classes in all 31 plots 
on the five other streams were averaged together and then 
compared with the differences in FIs between size classes on 
all 2004 plots in the Apalachicola River floodplain. 



Analysis of Hydrologic Data



The primary goal of the hydrologic analyses was to 
quantify and summarize long-term hydrologic changes at 
floodplain forest plots so that they could be compared to changes 
in forest composition. Most of the basic hydrologic data used in 
this report came from ongoing data-collection programs of the 
USGS, USACE, and National Weather Service (NWS) that were 
conducted independent of this study. The following methods 
describe the steps required in determining the amount of hydro‑
logic change by forest type and reach. 



History of Inundation at Forest Plots



The history of inundation at floodplain forest plots 
was estimated using discharge and stage records collected 
at a long-term streamflow gaging station (gage) located 
at the upper end of the study area, Apalachicola River at 
Chattahoochee (02358000), and from stage records collected at 
five downstream gages, Apalachicola River near Blountstown 



(02358700), Apalachicola River near Wewahitchka 
(02358754), Apalachicola River at River Mile 36 (023587547), 
Apalachicola River at River Mile 35 (023587549), and 
Apalachicola River near Sumatra (02359170). The following 
short names are used in this report for these six gages: 
Chattahoochee, Blountstown, Wewahitchka, RM 36, RM 35, 
and Sumatra. Information about gage locations, operating 
agencies, and period of record at each gage is summarized in a 
previous report (Light and others, 2006) along with a detailed 
description of a nonstandard approach for relating discharge 
at the Chattahoochee gage to stage at all downstream gages. 
Nonstandard stage-discharge relations were used because 
traditional stage-discharge relations were not available for most 
of the downstream gages, and comparisons among many 
different sites along the river were greatly simplified by calcu‑
lating stage at all locations in relation to discharge at a single 
upstream site (Chattahoochee gage). 



In forest-hydrology studies, the longest possible period of 
record is preferred, because tree ages can easily be 100 years or 
older. The 76-year period of record at the Chattahoochee gage 
(October 1, 1928, to September 30, 2004) used by Light and 
others (2006) represents the period during which the gage was 
serviced by the USGS. Earlier stage data at the Chattahoochee 
gage extending back to January 1920 (collected by the NWS) 
was examined for possible use in the present study. Earlier 
stage data also existed at the Blountstown gage (collected 
by the USACE). Stage data prior to October 1, 1928, at both 
gages (Chattahoochee and Blountstown) were converted 
to Chattahoochee discharge using stage-discharge relations 
developed for the 1928-54 period in appendix I and II of Light 
and others (2006). Chattahoochee discharge estimated from the 
Chattahoochee stage were similar to Chattahoochee discharge 
estimated from the Blountstown stage for records extending 
back to July 1, 1922. Prior to that time, however, discharge 
data at these sites did not match, suggesting that stages were 
incorrect at one of the two sites. Thus, data prior to July 1, 
1922, were considered unusable, and data used in the present 
study began October 1, 1922 (to coincide with the beginning 
of the next water year). The endpoint of the period of record 
used in the present study was extended to December 31, 2004, 
so that 82 years of complete record were available for three 
types of annual analyses: water year (October 1-September 30), 
calendar year (January 1-December 31), and growing season 
(March 1-November 24).



The first step in estimating inundation history at the forest 
plots involved filling in the missing records at the five gage 
sites for October 1, 1922, to December 31, 2004. All missing 
records were estimated and a complete set of daily values was 
created for discharge at the Chattahoochee gage and stage at all 
gages except RM 36. Of the 30,043 total days in this 82-year 
period of record, Chattahoochee stage had the least missing 
record (159 days) and RM 35 stage had the most (26,346 days). 
Methods for estimating records were based on: (1) actual 
data for the closest gages where records were available, 
(2) pre‑dam and recent stage-discharge relations modified 
from appendixes I-V in Light and others (2006), and (3) the 
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general timing of stage decline in periods between pre‑dam 
and recent as depicted in figure 5 of Light and others (2006). 
The number of days of missing record, water years during 
which missing records occurred, and detailed methods used to 
estimate missing records are summarized in appendix 4. 



In the next step, a complete set of daily river stage 
values for the 82-year period of record was estimated for 
the rm location of each transect. Transect stage records were 
primarily estimated using linear interpolation between stages 
at the closest upstream and downstream gages. In some cases, 
however, transect stages could not be estimated directly from 
linear interpolation between gages, because water-surface 
profiles in figure 9 of Light and others (2006) indicated that 
water surfaces at some transects differed from those that 
would be expected with straight-line interpolation. In those 
cases, pre‑dam and recent stage-discharge relations specific 
for the transect locations (from the compact disc in the map 
pocket of Light and others, 2006) and assumptions regarding 
the degree and timing of channel changes at transect locations 
in the intervening period (between pre‑dam and recent) were 
used to estimate transect stage records. Details of the methods 
used to estimate stage records at each transect are described in 
appendix 5. 



In the last step, the inundation history at individual 
forest plots along each transect was estimated based on river 
stages in the 82-year period of record at transect locations. 
The ground elevation of each forest plot was compared to 
daily river stage and the plot was considered to be inundated 
every day that the river stage exceeded the plot elevation. 
The plot was not considered inundated when river stage 
was the same as, or less than, the plot elevation. Plot eleva‑
tions for ARQA transects (CH, TO, SE, OR, MR, PL, and 
BR) were available from USGS files (Tallahassee, Florida) 
that were used to develop figure 34 in Leitman and others 
(1984). Plot elevations for BLT and WEW were available in 
Leitman (1978). Plot elevations at EA, EB, and EC reported 
by Eichholz and others (1979) were incorrect, and were 
resurveyed in 2006 by the authors of this report. 



Water levels in most bottomland hardwood forests can 
be estimated accurately from stage records in the adjacent 
river channel. Water levels in many swamps, however, 
are not directly related to river stage levels. This issue is 
discussed at length, with examples from selected transects, in 
a later section of the report titled “Hydrologic Conditions in 
Floodplain Forests.”



Hydrologic Time Periods Associated with Forest 
Sampling Groups



River flow at the Chattahoochee gage and river stage 
at all transects and forest plots were analyzed for five time 
periods associated with tree-size classes of the 1976 and 2004 
forest sampling data. If unlimited hydrologic records had been 
available, the ideal time periods for hydrologic analysis would 
have been the same number of years as the median ages of 
trees in the various size classes (table 5). River flow and stage 
records, however, were not available prior to October 1, 1922. 
The maximum length of hydrologic record available for 1976 
canopy trees of 54 years (1923-1976) was the limiting factor in 
determining time periods for all of the forest sampling groups.



The median age of the large canopy trees (99 years, 
table 5) was selected as the most relevant age to species 
composition of canopy trees, because the large canopy trees 
contributed more than 80 percent of the total basal area of all 
canopy trees in both the 1976 and 2004 datasets. The avail‑
able hydrologic record of 54 years for the 1976 canopy trees 
was divided by the median age of large canopy trees of 99 
years. The result, 54.5 percent, was used as a proportion to be 
applied to the hydrologic records of the other four tree groups 
to allow for equitably balanced comparisons between groups. 
This proportion, 54.5 percent, was multiplied by the median 
age of small canopy trees and the median age of subcanopy 
trees to determine an appropriate length of hydrologic records 
in each case (29 years of record for small canopy; 10 years for 
subcanopy). The final time periods for hydrologic analysis are 
shown in figure 7.



Figure 7.  Hydrologic time periods associated with 1976 and 2004 tree-size classes in forests of the Apalachicola 
River at Chattahoochee, Florida.
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Because the period of record was limited to 54.5 percent 
of the median age of each tree-size class, the dryness of the 
hydrologic periods associated with these five forest groups 
is somewhat exaggerated. Recent water levels are lower 
than earlier water levels, as indicated in figure 4 and in a 
previous study (Light and others, 2006). Limitations inherent 
in the methods for selecting these five time periods should be 
kept in mind as results are presented.



Flood Duration, Depth, and Frequency by Forest 
Type and Reach



The inundation history during each year of the five 
hydrologic time periods was used to calculate the following 
hydrologic parameters for all forest plots in the 1976 and 2004 
datasets: (1) flood duration during the whole year, in days (not 
necessarily consecutive); (2) flood duration during the growing 
season (March 1-November 24), in days (not necessarily 
consecutive); (3) flood depth, in meters, of the highest annual 
flood lasting 14 consecutive days in the growing season; and 
(4) flood frequency, in percent of years with a flood lasting 14 
consecutive days in the growing season. Means were used to 
summarize flood duration and frequency values, but medians 
were preferred for summarizing flood depths, because in 
bottomland hardwood plots, flood depths were zero in many 
years. Data at each plot were combined by forest type and reach, 
yielding separate datasets covering all combinations of the 
following groups: three forest types, three reaches, five hydro‑
logic time periods, and four hydrologic parameters. Box-plot 
graphs of the median, 25th and 75th percentile, minimum, 
and maximum values for most of the datasets in the earliest 
time period (1923-1976) were created to illustrate the natural or 
“baseline” hydrologic conditions in floodplain forests. 



Statistical tests (Pearson’s r coefficients) indicated that 
flood depth, flood frequency, and both types of flood dura‑
tions were highly correlated with each other. This result was 
expected, because all hydrologic parameters were calculated 
from the same basic river stage data. A single parameter, 
flood duration in the growing season, was selected to simplify 
subsequent analyses of hydrologic change in floodplain 
forests. Flood durations have been used by the authors as a 
primary descriptor of forest hydrology in previous reports 
(Light and others, 1993; 2002).



Methods for calculating hydrologic change in this report 
were modeled after the methods for determining change in 
forest composition to allow for direct comparisons. In both 
cases, change was measured as a percentage of change toward 
the next drier forest type. Hydrologic change for a given forest 
type is based on flood durations in the growing season and is 
expressed in terms of the percentage of change of flood dura‑
tion toward the baseline (1923-1976) duration of the next drier 
forest type. It is calculated using the following formula where 
X is a given forest type and Y is the next drier forest type:



Flood durations were assumed to be zero for uplands, the next 
drier forest type for Hiblh forests. 



Changes in Hydrology and Forest 
Composition



Changes in hydrologic conditions at floodplain forest 
transects were estimated from long-term streamflow gaging 
station records and summarized for time periods associated 
with various trees-size classes. Changes in forest composition 
were calculated using several quantitative measures of compo‑
sition and some comparative field observations. The relations 
between hydrologic conditions and forest composition were 
examined and future changes that are expected to occur in the 
floodplain forest are discussed.



Hydrologic Change



Long-term river discharge and river stage were examined 
for trends that might result in change in forest composition. 
Water levels in the floodplain are similar to those in the main 
river channel during high flows greater than 1,420 m3/s 
(50,000 ft3/s), but the relation between river and flood‑
plain hydrology during low-flow periods can be complex, 
depending upon individual site conditions. Duration, depth, 
and frequency of inundation at floodplain forest plots, based 
on long-term river-stage data in the adjacent main channel, 
were summarized by forest type and reach. 



River Flow and Stage
In large river floodplains, inundation resulting from over‑



bank flooding is usually the most important factor influencing 
forest composition (Greeson and others, 1979; Gosselink 
and others, 1990; Lugo and others, 1990; Carter, 1996). Both 
river flow and stage must be considered in understanding 
patterns of floodplain inundation. Flow in the Apalachicola 
River is primarily controlled by conditions upstream from 
the Chattahoochee gage, where about 90 percent of the ACF 
drainage basin lies. River stage is a function of river flow and 
geomorphic conditions in the river channel locally. 



Long-term averages of river discharge and river stage at 
the Chattahoochee gage are compared in figure 8. Based on 
10-year running averages, river discharge shows little change, 
but river stage has been declining since the 1950s. Channel 
enlargement caused by erosion of the riverbed and banks at the 
Chattahoochee gage explains why average stage has declined 
but average discharge at the same location has not. 



(Flood duration of X in earlier period) – (Flood duration of X in later period) * 100
=



Change in flood duration toward 
duration of next drier forest type, 
in percent((Flood duration of X in baseline period) – (Flood duration of Y in baseline period)) 
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Monthly analysis of river discharge shows a seasonal 
decline that is not evident in the analyses of long-term annual 
averages. Figure 9 shows river discharge averaged by month 
during the five hydrologic time periods associated with 
tree-size classes. River discharge in spring and summer 
has decreased, particularly in April through August. This 
seasonal pattern is consistent with that of a previous analysis 
using different time periods (Light and others, 2006) when 
spring and summer flows decreased from an earlier 30-year 
period (1929-58), predating flow regulation and large 
increases in water use in the ACF basin, to a later 30-year 
period (1975-2004) that included those effects. In that study, 
decreases in spring and summer flows were greatest during 
drought conditions (defined as the lowest 10 percent of flows). 



Monthly analyses of hydrologic data are essential in 
biological studies in floodplains because life cycle requirements 
of most biota depend upon seasonal hydrologic conditions. 
The preferred time period for assessing the influence of 
hydrology on floodplain forest communities is the local 
growing season, because inundation has little effect on tree 
growth and survival during the dormant season. Spring and 
early summer, in particular, are the seasons of greatest tree 
growth (Conner and Day, 1992), and probably also the seasons 
when flooding has the largest influence on tree composition 
and recruitment in floodplain forests. 



Large declines in river stage during the growing season 
have occurred at nearly all locations in the nontidal river 
(fig. 10). The declines were caused by a combination of 



Figure 8.  Discharge and stage of the Apalachicola River at Chattahoochee, Florida.



A.  Discharge of Apalachicola River at Chattahoochee, Florida



B.  Stage of Apalachicola River at Chattahoochee, Florida
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channel enlargement locally and decreased spring and summer 
flows delivered from upstream. The largest declines have 
occurred at locations with the greatest channel enlargement 
(CH just downstream from the dam and EC in the reach where 
the most channel straightening occurred). Decreased flows in 
the spring and summer, as shown in figure 9, have added to 
water-level decline at all locations. When drought conditions 
prevail, decreased flows are the primary cause of water-level 
declines at many locations along the river during April, May, 
July, and August (fig. 4). 



Hydrologic Conditions in Floodplain Forests
During the flood season, water levels in the floodplain 



are similar to river levels in the adjacent main channel. During 
the low-water season, the relation between river stage and 
floodplain hydrology is affected by individual site character‑
istics, such as elevation and topographic position within the 
landscape, amount of water delivered from adjacent uplands 
through small streams or bluff seepage, efficiency of sloughs 
or other drainage features in removing water from the site, and 
the effect of beaver dams in floodplain sloughs downstream 
from the site. These local site characteristics can substantially 
affect the hydrology of swamps that are disconnected from the 
river by intervening levees and ridges. Hydrologic conditions 
in bottomland hardwood forests, however, are less affected by 
local site characteristics, because water connections between 
the river and the floodplain are generally unimpeded when 
water levels reach these higher-elevation forests.



Two examples shown in figure 11 illustrate the variability 
of the relation between river stage and water levels in swamps 
of the Apalachicola River floodplain during typical low-flow 
conditions in the summer. At the PL transect (graph A of 



fig. 11), sloughs that drain the swamp forests are directly 
connected to the river about 0.8 km downstream, allowing 
water from the river to enter and exit swamps unimpeded 
by intervening levees or ridges. Consequently, swamp water 
levels at PL are at the same elevation as river levels in the 
adjacent main channel. A decline of 0.9 m in typical summer 
water levels in both the river and the swamp has resulted in 
severe summer dewatering of swamp forests at this site. Based 
on transect distances shown in graph A of figure 11, more than 
90 percent of the land surface covered by standing water in the 
earlier period was exposed with no surface water present in 
the later period. 



Water levels in the SE swamp in graph B of figure 11 
were elevated 2.6 m above river levels during typical summer 
conditions in the later period (1995-2004). This perched basin 
receives year-round seepage water from an adjacent upland 
bluff, and the swamp stays wet because the basin has a flat, 
shallow-bowl shape and has only a few small outlet sloughs 
that are often impounded by beaver dams. In spite of the fact 
that continuous seepage from the upland bluffs and beaver 
dams have protected this basin from completely drying out, 
progressive lowering of river levels appears to have dewatered 
large areas of this swamp. Bed scour in the Apalachicola 
River has progressed into the mouth of a slough draining this 
swamp basin at its downstream end, lowering the elevation 
of the threshold where water is retained throughout the entire 
swamp. (Similar conditions at the mouths of sloughs draining 
other upper-reach swamps were observed by the authors in 
the 1990s.) Based on transect distances shown in graph B of 
figure 11, more than 75 percent of the land surface covered 
by standing water in the earlier period was exposed with no 
surface water present in the later period.
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Figure 9.  Average monthly river discharge during five hydrologic time periods associated with 1976 and 2004 tree-size 
classes in forests of the Apalachicola River floodplain, Florida.
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Figure 10.  Average monthly river stage at selected transects during time periods associated with 1976 and 2004 tree-size 
classes in forests of the Apalachicola River floodplain, Florida. Data were averaged from 1923-2004 daily stage records 
which were estimated at each transect from long-term gage data as described in methods.
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Floodplain and river water levels at this site are the same,
because sloughs draining these swamps are directly
connected to the river about 0.8 kilometer downstream



LAND SURFACE
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Figure 11.  Decline in summer water levels in two different types of swamps and in the adjacent main channel at selected 
transects of the Apalachicola River floodplain, Florida.  Summer water levels in the main channel are the average July 
river stage for the earlier period (1923-76) and the later period (1995-2004), estimated from long-term records at nearby 
gaging stations. Summer water levels in the swamps were estimated for the earlier period based on 1979-80 field 
observations and for the later period based on 2004-2006 field observations.
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Another variation in river-floodplain relations, not shown 
in figure 11, occurs at the BR transect at the downstream 
end of the nontidal reach (rm 19.8). The west end of this 
transect intersects Brothers River (fig. 2), a large tidal stream 
with summer water levels typically about 1 m lower than 
Apalachicola River levels. Forest sampling data from the 
east end of this transect are used in this report because that 
part of the transect is nontidal. Swamps on the nontidal part 
of the transect, however, drain westward to a creek that is 
connected to Brothers River, so summer water levels in these 
swamps are usually 0.3-0.6 m lower than Apalachicola River 
levels. Because of these unique site conditions at BR (not 
found on any other nontidal transect), water-level data in the 
Apalachicola River considerably overestimate inundation 
in the adjacent swamp. Conditions at BR are the opposite 
of those at SE (fig. 10B), where water-level data in the river 
considerably underestimate inundation in the adjacent swamp. 



Comparisons of water levels in swamps with those in the 
adjacent main channel at other locations in the Apalachicola 
River floodplain (Leitman, 1978; Leitman and others, 1984) 
confirm that hydrologic relations between swamps and the 
river can differ considerably from site to site. Various water-
level observations made in swamps over the years have been 
helpful in understanding the connections between the river and 
floodplain, but because most of those observations have been 
infrequent and discontinuous, they are not sufficient for esti‑
mating long-term water levels in swamps during the five time 
periods associated with tree-size classes (fig. 7). Consequently, 
floodplain conditions are estimated in this report based only 
on river-stage data, without any modifications to account 
for site-to-site variability in swamp characteristics. These 
estimates are highly accurate in Hiblh forests and most Loblh 
forests, somewhat less accurate in Loblh forests near swamp 
depressions that retain water, and least accurate in swamps 
that lack a direct connection to the river. The limitations of 
these estimates are discussed later in this report, and should be 
carefully considered by readers if they use these data for any 
other purposes. When measuring change from earlier to later 
periods, however, the example in figure 11B demonstrates that 
estimates based on river stage can be useful indicators of the 
water-level decline that has occurred in swamps, in spite of 
complicating site-specific variables, such as outside sources of 
water or differences in drainage outlets.



Flood duration, depth, and frequency, based on long-
term river-stage data (1923-76), were calculated for floodplain 
forest plots and summarized by forest type and reach (fig. 12). 
Flood duration was calculated for the whole year and the 
growing season, whereas depth and frequency were calculated 
based only on the growing season data. Hydrologic conditions, 
based on the 1923-76 period in figure 12, represent natural 
“baseline” hydrologic conditions for 1976 floodplain forests. 
Although the 1923-76 period includes 23 years of post-1954 
channel erosion caused by dam construction and navigational 
improvements, higher than normal discharges during many 
years in the 1960s and 1970s (fig. 8A) masked some of the 
effects of channel change during those two decades (fig. 8B). 



Within a given reach, flood duration, depth, and 
frequency are always the least in Hiblh forests and the greatest 
in swamps. For a given forest type, hydrologic conditions 
are usually driest in the upper reach and wettest in the lower 
reach, with the exception of flood depth. Depth of flooding 
usually decreases in the lower reaches of coastal plain rivers 
because floodwaters spread out onto wide, flat floodplains as 
rivers approach sea level near the coast. 



Forest Composition Change



Basal area and density of species based on 1976 and 
2004 data from all plots were used to compare the species 
composition of 1976 and 2004 forest types and the total basal 
area and number of trees in the nontidal floodplain. Basal 
area and density for forest types and species grouped by FSCs 
were calculated using data from the replicate plots. Data on 
individual trees that were unique to the thesis plots were used 
to describe growth rates, size, recruitment, and mortality of 
floodplain trees. Changes in composition to drier or wetter 
forests were quantified with FIs of replicate plots and 1976 
and 2004 tree-size classes, and compared to forests on five 
other north Florida stream floodplains.



Species Composition of Forest Types



The species composition of forest types as basal area and 
density of species is presented in tables 7 and 8, respectively, 
and as rba and rd in appendixes 6 and 7, respectively. Basal 
area and density values were calculated from all the 1976 and 
2004 plot data (276 plots) and weighted to compensate for 
reach differences. “Dominant species” (shown in bold) are 
those species with the highest values of basal area or density 
that make up 50 percent or more of the total basal area or 
density. A comparison of dominant species for 1976 to 2004 
forest types is presented in table 9. 



Species composition derived independently for the two 
1976 sampling-method sets (ARQA cruise-transect data and 
combined thesis and ARQA intensive-plot data) are shown in 
tables 7 and 8 and appendixes 6 and 7 to allow a comparison 
of results obtained using two different sampling methods: 
prisms (on cruise transects) and intensive-plot sampling (on 
thesis and ARQA intensive plots). Basal area and density of 
species on the cruise transects were significantly correlated to 
values calculated for the combined thesis and ARQA intensive 
plots (Pearson’s r > 0.56, p < 0.001 for basal area; Pearson’s 
r > 0.57, p < 0.002 for density) despite the difference 
in methods used to obtain data. Total basal areas and densities 
of forest types were not consistently higher or lower for either 
1976 sampling-method set.



Sweetgum and hackberry were dominant species by basal 
area in 1976 and 2004 Hiblh forests (table 9). In 2004, water 
oak was also a dominant species in Hiblh forests. Dominant 
species by basal area in Loblh forests were the same four 
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species in 2004 as in 1976 (water hickory, overcup oak, 
swamp laurel oak, and green ash), and in swamps, the same 
two species, water tupelo and bald cypress. 



Species dominance by density changed more than 
dominance by basal area between 1976 and 2004 (table 9). 
Sweetgum and ironwood remained dominant canopy trees 
in 2004 Hiblh forests, but possum haw declined in canopy 
density in Hiblh forests and was not a dominant Hiblh tree 
in 2004. Water oak and hackberry were new dominants in 



2004 Hiblh forests. Possum haw increased in density in 2004 
Loblh forests and was a new dominant in 2004 Loblh forests 
along with two additional FSC3 species, hackberry and 
sweetgum. Overcup oak, green ash, and river birch (all FSC2 
species) that were dominant in 1976 Loblh forests, declined in 
density and were no longer dominant in 2004 Loblh forests. 
Dominant species by density in 1976 swamps did not change 
although the average density of the dominant species declined 
(table 8C).
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Figure 12.  Duration, depth, and frequency of flooding summarized by forest type and reach in the Apalachicola River floodplain, 
Florida, for 1923-1976. All values were calculated directly from stage in the adjacent river channel without any adjustments for 
water retention in depressions or other factors affecting the relation between river stage and floodplain water levels.
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Table 7.  Basal area of tree species in forests of the Apalachicola River floodplain, Florida.



[Basal area, in square meters per hectare (m2/ha), was weighted by the percent of area of each forest type in each reach. The sum of the 
basal area of the most dominant species (in bold) is greater than 50 percent of the total basal area. Species are sorted by dominance in 
combined 1976 data. Scientific names of species are listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, 
not applicable]



Species
Floodplain  



species  
category



Basal area, m2/ha



1976 data



2004 data ARQA cruise-
transect data 



Thesis and ARQA 
intensive-plot data



Combined 1976 data



A. High bottomland hardwoods
sweetgum 3 7.69 14.13 9.32 9.13



hackberry 3 4.62 2.76 4.22 3.57



ironwood 3 2.79 0.45 2.26 1.23



water oak 3 2.76 0.23 2.17 3.18



green ash 2 1.30 3.46 1.96 1.27



swamp laurel oak 2 0.99 0.97 1.02 0.96



American elm 2 1.00 0.47 0.97 1.96



possum haw 3 0.77 0.48 0.82 0.17



swamp chestnut oak 3 0.77   0.72 0.31



water hickory 2 0.52 1.92 0.71 1.40



sycamore 3 0.69 1.24 0.66 0.64



box elder 3 0.48 0.49 0.53 0.72



swamp privet 2 0.32 0.05 0.33  



overcup oak 2 0.24 0.40 0.30 0.38



red maple 2 0.19 0.37 0.22 0.21



red mulberry 3 0.23 0.07 0.13 0.08



Chinaberry 4 0.13 0.30 0.13 0.19



winged elm 4 0.17 0.06 0.10 0.58



pagoda oak 3 0.16   0.08  



green haw 2 0.09 0.07 0.06 0.01



swamp tupelo 1 0.09   0.05 0.48



spruce pine 3 0.09   0.05  



bald cypress 1 0.08   0.04  



black tupelo 4 0.08   0.04  



slippery elm 4 0.08   0.04 0.10



buckthorn bumelia 3 0.05   0.02 0.04



loblolly pine 4 0.05   0.02  



persimmon 3   0.07 0.02 0.24



river birch 2   0.06 0.01 0.24



black walnut 4   0.03 0.01  



American holly 3       0.69



bitternut hickory 3       0.47



Southern magnolia 4       0.08



silverbell 4       0.08



planer tree 1       0.03



Ogeechee tupelo 1       0.02



Chinese tallow tree 3       0.01



cherry laurel 4       0.01



popash 1       0.005



Average total basal area, in m2/ha 26.4 28.1 27.0 28.5
Number of trees sampled 352 283 635 671
Total area sampled, in ha na 0.49 na 1.22



Number of species 27 21 30 30
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Species
Floodplain  



species  
category



Basal area, m2/ha



1976 data



2004 data ARQA cruise-
transect data 



Thesis and ARQA 
intensive-plot data



Combined 1976 data



B. Low bottomland hardwoods
water hickory 2 2.99 7.53 5.26 5.73



overcup oak 2 5.77 2.46 4.11 3.43



swamp laurel oak 2 1.95 4.53 3.24 3.39



green ash 2 3.03 3.25 3.14 2.79



American elm 2 3.31 0.94 2.12 2.15



river birch 2 2.84 0.98 1.91 1.37



Ogeechee tupelo 1 2.46 0.91 1.68 1.69



sweetgum 3 1.89 0.92 1.41 2.06



hackberry 3 0.98 1.14 1.06 1.37



water tupelo 1 1.30 0.34 0.82 1.35



ironwood 3 0.76 0.74 0.75 0.51



red maple 2 0.77 0.34 0.55 0.81



bald cypress 1 0.27 0.62 0.44 0.89



water oak 3 0.33 0.43 0.38 0.10



black willow 1   0.65 0.33  



popash 1 0.41 0.24 0.32 0.20



planer tree 1 0.15 0.50 0.32 0.31



water locust 2 0.09 0.30 0.20 0.57



possum haw 3 0.05 0.26 0.15 0.26



sycamore 3 0.15 0.11 0.13 0.27



green haw 2 0.14 0.08 0.11 0.04



box elder 3 0.14 0.02 0.08 0.17



laurel oak 4 0.03 0.13 0.08  



swamp cottonwood 1 0.15   0.08 0.23



swamp chestnut oak 3 0.09   0.05  



swamp privet 2 0.06 0.02 0.04 0.02



persimmon 3 0.05 0.01 0.03 0.08



swamp tupelo 1 0.05   0.02  



black tupelo 4 0.03   0.01  



buttonbush 1   0.0003 0.0002 0.08



sweetbay 3       0.04



red mulberry 3       0.02



stiffcornel dogwood 2       0.01



Average total basal area, in m2/ha 30.2 27.4 28.8 30.0
Number of trees sampled 409 602 1,011 1,240
Total area sampled, in ha na 1.31 na 2.55



Number of species 28 26 30 28



Table 7.  (Continued)  Basal area of tree species in forests of the Apalachicola River floodplain, Florida.



[Basal area, in square meters per hectare (m2/ha), was weighted by the percent of area of each forest type in each reach. The sum of the 
basal area of the most dominant species (in bold) is greater than 50 percent of the total basal area. Species are sorted by dominance in 
combined 1976 data. Scientific names of species are listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; 
na, not applicable]
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Species
Floodplain  



species  
category



Basal area, m2/ha



1976 data



2004 data ARQA cruise-
transect data 



Thesis and ARQA 
intensive-plot data



Combined 1976 data



C. Swamp
water tupelo 1 25.32 34.24 29.78 25.42



bald cypress 1 12.05 9.38 10.71 9.92



Ogeechee tupelo 1 8.09 11.14 9.61 8.46



popash 1 5.17 4.79 4.98 2.18



planer tree 1 1.64 1.83 1.73 1.25



swamp tupelo 1 0.69 1.16 0.92 0.50



overcup oak 2 0.54 0.64 0.59 1.45



swamp cottonwood 1 0.12 0.61 0.37 0.31



American elm 2 0.27 0.16 0.22 0.14



red maple 2 0.09 0.28 0.19 0.59



water hickory 2 0.22 0.12 0.17 0.54



green ash 2   0.24 0.12 0.44



river birch 2 0.01 0.19 0.10 0.33



swamp laurel oak 2 0.20   0.10 0.59



sycamore 3 0.02 0.11 0.07 0.02



black willow 1 0.12   0.06  



hackberry 3 0.02 0.05 0.04 0.07



water locust 2 0.02 0.04 0.03 0.31



swamp privet 2 0.02 0.03 0.03 0.004



buttonbush 1 0.02 0.003 0.01 0.01



slippery elm 4 0.02   0.01  



green haw 2   0.01 0.005 0.004



white titi 3   0.004 0.002  



winged elm 4   0.002 0.001  



sweetgum 3       0.05



possum haw 3       0.02



persimmon 3       0.01



ironwood 3       0.004



hazel alder 2       0.002



box elder 3       0.001



Average total basal area, in m2/ha 54.7 65.0 59.8 52.6
Number of trees sampled 640 544 1,184 1,582
Total area sampled, in ha na 0.72 na 2.45



Number of species 20 21 24 26



Table 7.  (Continued)  Basal area of tree species in forests of the Apalachicola River floodplain, Florida.



[Basal area, in square meters per hectare (m2/ha), was weighted by the percent of area of each forest type in each reach. The sum of the 
basal area of the most dominant species (in bold) is greater than 50 percent of the total basal area. Species are sorted by dominance in 
combined 1976 data. Scientific names of species are listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; 
na, not applicable]
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Table 8.  Density of tree species in forests of the Apalachicola River floodplain, Florida.



[Density, in trees per hectare (trees/ha), was weighted by the percent of area of each forest type in each reach. The sum of the trees/ha of the most dominant 
species (in bold) is greater than 50 percent of the total trees/ha. Species are sorted by dominance in combined 1976 data. Scientific names of species are 
listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, not applicable]



Species
Floodplain  



species  
category



Density, in trees/ha



Canopy trees Subcanopy trees



1976 data
2004 data 2004 data ARQA cruise-



transect data 
Thesis and ARQA 



intensive-plot data
Combined  
1976 data



A. High bottomland hardwoods
ironwood 3 176.15 33.07 157.28 68.80 34.39



sweetgum 3 120.35 198.50 141.80 111.90 22.90



possum haw 3 104.71 51.09 109.35 24.24 137.27



hackberry 3 77.51 41.24 73.82 73.78 89.61



swamp privet 2 40.96 4.94 42.01    



box elder 3 23.20 29.14 27.28 47.67 23.36



swamp laurel oak 2 22.34 18.75 24.52 11.12 6.72



water oak 3 26.09 15.06 23.67 50.16 28.87



green ash 2 9.17 43.46 18.00 11.41 4.91



overcup oak 2 15.73 5.92 16.76 4.41 9.93



American elm 2 8.67 7.39 9.24 18.29 3.46



Chinaberry 4 5.74 29.64 9.14 8.77 3.15



water hickory 2 6.66 20.74 8.87 12.12 5.12



sycamore 3 11.66 12.10 8.86 9.23  



red maple 2 9.34 4.94 8.43 4.59 4.35



green haw 2 5.20 11.36 5.00 1.77 4.91



swamp chestnut oak 3 5.12   4.69 5.14 4.91



red mulberry 3 4.47 1.48 2.55 3.69 1.45



winged elm 4 2.80 5.18 2.50 18.66 12.56



slippery elm 4 4.43   2.22 3.19 0.57



persimmon 3   5.68 1.20 6.74 11.84



swamp tupelo 1 2.12   1.06 6.59  



black walnut 4   4.94 1.04    



buckthorn bumelia 3 2.1   1.03 2.39 2.84



bald cypress 1 1.4   0.68    



black tupelo 4 0.5   0.25    



spruce pine 3 0.5   0.24    



pagoda oak 3 0.4   0.22    



river birch 2   0.74 0.16 3.64  



loblolly pine 4 0.2   0.10    



American holly 3       38.44 40.07



silverbell 4       9.41 5.12



bitternut hickory 3       2.39 7.96



Southern magnolia 4       1.45  



popash 1       0.80  



planer tree 1       0.80  



Chinese tallow tree 3       0.80  



cherry laurel 4       0.80 1.14



Ogeechee tupelo 1       0.73  



elderberry 3         0.60



Average total density, in trees/ha 687 545 702 564 467
Number of trees sampled 352 283 635 671 620
Total area sampled, in ha na 0.49 na 1.22 1.22
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Species
Floodplain  



species  
category



Density, in trees/ha



Canopy trees Subcanopy trees



1976 data



2004 data 2004 data ARQA cruise-
transect data 



Thesis and ARQA 
intensive-plot data



Combined  
1976 data



B. Low bottomland hardwoods
swamp laurel oak 2 20.25 74.57 47.41 35.65 13.29



overcup oak 2 56.42 32.30 44.36 28.21 26.99



water hickory 2 28.96 56.57 42.77 73.87 19.46



ironwood 3 40.23 44.05 42.14 35.21 15.31



green ash 2 50.82 31.30 41.06 28.90 9.05



river birch 2 68.07 9.98 39.03 23.81 0.43



American elm 2 42.41 34.34 38.38 29.67 6.83



red maple 2 39.38 19.22 29.30 42.16 37.68



sweetgum 3 28.92 19.97 24.44 35.63 10.74



planer tree 1 6.18 36.95 21.57 18.71 16.44



possum haw 3 9.00 31.59 20.29 39.23 179.41



hackberry 3 14.04 16.63 15.33 38.45 32.47



bald cypress 1 1.88 24.80 13.34 12.05 2.64



Ogeechee tupelo 1 8.01 18.23 13.12 18.20 4.24



popash 1 6.41 7.43 6.92 8.24 4.87



water tupelo 1 8.30 4.52 6.41 13.08 0.96



green haw 2 5.25 6.88 6.07 3.91 7.70



swamp privet 2 7.87 2.81 5.34 3.25 9.29



sycamore 3 1.70 7.05 4.37 3.85  



black willow 1   8.12 4.06    



box elder 3 7.32 0.53 3.92 9.03 18.33



water locust 2 1.28 6.33 3.81 6.70 1.16



water oak 3 2.73 1.21 1.97 2.58 1.29



swamp cottonwood 1 1.71   0.86 1.79  



laurel oak 4 0.09 1.21 0.65    



persimmon 3 0.68 0.26 0.47 4.49 1.84



black tupelo 4 0.32   0.16    



swamp tupelo 1 0.22   0.11    



swamp chestnut oak 3 0.21   0.11    



buttonbush 1   0.08 0.04 7.44 2.28



stiffcornel dogwood 2       1.73 5.36



red mulberry 3       1.33  



sweetbay 3       0.43  



American holly 3         0.73



Average total density, in trees/ha 459 497 478 528 420
Number of trees sampled 409 602 1,011 1,319 1,240
Total area sampled, in ha na 1.31 na 2.55 2.55



Table 8.  (Continued)  Density of tree species in forests of the Apalachicola River floodplain, Florida.



[Density, in trees per hectare (trees/ha), was weighted by the percent of area of each forest type in each reach. The sum of the trees/ha of the most dominant 
species (in bold) is greater than 50 percent of the total trees/ha. Species are sorted by dominance in combined 1976 data. Scientific names of species are 
listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, not applicable]
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Species
Floodplain  



species  
category



Density, in trees/ha



Canopy trees Subcanopy trees



1976 data



2004 data 2004 data ARQA cruise-
transect data 



Thesis and ARQA 
intensive-plot data



Combined  
1976 data



C. Swamp
popash 1 317.03 338.25 327.64 112.31 46.81



water tupelo 1 308.43 292.39 300.41 224.67 11.17



Ogeechee tupelo 1 166.87 103.68 135.27 73.24 5.94



bald cypress 1 138.87 115.48 127.17 109.53 50.01



planer tree 1 110.15 98.49 104.32 54.18 55.69



swamp tupelo 1 6.09 13.41 9.75 6.02  



red maple 2 3.35 10.44 6.90 20.71 19.65



river birch 2 4.48 7.90 6.19 13.73 5.65



swamp cottonwood 1 4.92 6.92 5.92 3.47 0.38



overcup oak 2 3.81 5.67 4.74 17.54 12.50



American elm 2 5.12 3.18 4.15 3.09 4.82



water hickory 2 1.42 4.59 3.00 4.59 7.63



sycamore 3 0.35 5.57 2.96 0.23  



swamp privet 2 2.43 2.19 2.31 0.50 1.08



water locust 2 3.73 0.84 2.29 4.61 1.65



green ash 2   2.07 1.03 6.24 1.50



buttonbush 1 1.54 0.34 0.94 1.08 11.79



hackberry 3 0.39 1.38 0.88 0.69 1.55



black willow 1 1.60   0.80    



green haw 2   1.38 0.69 0.22 0.83



white titi 3   0.84 0.42   0.83



winged elm 4   0.50 0.25   0.19



slippery elm 4 0.48   0.24    



swamp laurel oak 2 0.44   0.22 6.95 3.25



sweetgum 3       2.26 0.40



possum haw 3       2.21 5.45



persimmon 3       1.08 1.08



hazel alder 2       0.46 13.34



ironwood 3       0.46 0.63



box elder 3       0.06 1.84



American snowbell 2         15.35



stiffcornel dogwood 2         4.30



winterberry 2         0.42



sarvis holly 1         0.21



Average total density, in trees/ha 1,082 1,016 1,049 670 286
Number of trees sampled 640 544 1,184 1,582 620
Total area sampled, in ha na 0.72 na 2.45 2.45



Table 8.  (Continued)  Density of tree species in forests of the Apalachicola River floodplain, Florida.



[Density, in trees per hectare (trees/ha), was weighted by the percent of area of each forest type in each reach. The sum of the trees/ha of the most dominant 
species (in bold) is greater than 50 percent of the total trees/ha. Species are sorted by dominance in combined 1976 data. Scientific names of species are 
listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, not applicable]
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Table 9.  Dominant tree species in 1976 and 2004 forests of the Apalachicola River 
floodplain, Florida.



[The sum of the basal area or density of the dominant species is greater than 50 percent of 
basal area or density in the data set. Species are listed in in each catetory by descending 
dominance. Scientific names of species are listed in appendix 1. Hiblh, high bottomland 
hardwoods; Loblh, low bottomland hardwoods]



Forest 
type



Type of dominance



Basal area Density



1976 data 2004 data 1976 data 2004 data



Hiblh sweetgum 
hackberry



sweetgum 
hackberry 
water oak



ironwood 
sweetgum 



possum haw



sweetgum 
hackberry 
ironwood 
water oak



Loblh



water hickory 
overcup oak 



swamp laurel oak 
green ash



water hickory 
overcup oak 



swamp laurel oak 
green ash



swamp laurel oak 
overcup oak 



water hickory 
ironwood 
green ash 
river birch



water hickory 
red maple 



possum haw 
hackberry 



swamp laurel oak 
sweetgum 
ironwood



Swamp water tupelo 
bald cypress



water tupelo 
bald cypress



popash 
water tupelo



water tupelo 
popash



Trees Species Abundance throughout the 
Nontidal Floodplain



Estimates of total basal area and number of trees 
throughout the entire nontidal floodplain forest are listed 
in table 10 for 15 tree species individually and for all other 
species combined. The 15 species include all 14 dominants 
from table 9 plus Ogeechee tupelo. Ogeechee tupelo had the 
third highest weighted basal area of any species in any forest 
type (table 7), but was not a “dominant” species in swamps, 
because water tupelo and bald cypress had higher basal 
areas that made up more than 50 percent of total basal area 
in swamps. Ogeechee tupelo is the source of a unique honey 
and the high concentration of Ogeechee tupelo in the lower 
Apalachicola River floodplain makes production of this honey 
economically feasible (Oertel, 1934; Rahmlow, 1960). Water 
tupelo was the most important tree in the 1976 and 2004 flood‑
plain in terms of both basal area and number of trees (table 10). 
Species in table 10 are arranged in descending order by the 
average FI of all the plots where they were sampled in 1976, 
based on data presented in appendix 8 for 30 species. 



The total number of trees throughout the entire nontidal 
floodplain forest has decreased significantly by 4.3 million 
trees (1976, mean (x) = 1,550,000 trees, standard deviation 
(sd) = 1,056,000; 2004, x = 1,251,000 trees, sd = 870,000; 
p < 0.030) (table 10). The greater part of this loss was in FSC1 
species (popash, Ogeechee tupelo, bald cypress, and water 
tupelo) which lost nearly 3.3 million trees. Unlike bottomland 
hardwood species that can grow in some swamp habitats 
downslope that have become drier, swamp species do not 
usually grow in ponds, stream bottoms, and riverbeds (which 
are the primary habitats downslope from swamps) because 
those habitats are still typically inundated year round and 



do not support trees of any type. All FSC1 species listed in 
table 10 decreased in basal area although change in basal area 
was not significant for all species.



Changes in basal area and number of trees for individual 
species were also statistically analyzed using unweighted basal 
areas and densities from the replicate plots. The decrease in basal 
area of popash was highly significant (1976, x = 3.3 m2/ha, 
sd = 7.2; 2004, x = 0.9 m2/ha, sd = 1.9; p < 0.002). Although 
there was a significant difference (p < 0.078) between the 1976 
and 2004 basal area of bald cypress, the 2004 average basal area 
of 6.8 m2/ha was slightly greater than the 1976 basal area of 
5.3 m2/ha on replicate plots, a result that contradicts the results 
from the weighted values shown on table 10 that shows a 1.3 
percent loss in the basal area of bald cypress in 2004.



Changes in tree density, based on statistical analysis of 
unweighted data, were significant for one Hiblh and three swamp 
species. Water oak had a significant increase in density (1976, 
x = 5.2 trees/ha, sd = 17.1; 2004, x = 8.5 trees/ha, sd = 29.3; p 
< 0.087). Although the computed loss of ironwood trees was 
very large, the decrease in density of ironwood was not statisti‑
cally significant when replicate plot data were used (p = 0.150). 
Declines in tree density were significant for the swamp species: 
popash (1976, x = 120 trees/ha, sd = 308; 2004, x = 39 trees/ha, 
sd = 79; p = 0.013), Ogeechee tupelo (1976, x = 78 trees/ha, sc = 
259; 2004, x = 32 trees/ha, sd = 59; p = 0.054), and water tupelo 
(1976, x = 196 trees/ha, sd = 435; 2004, x = 140 trees/ha, sd = 259; 
p = 0.041). This represents a decline in density of 63 percent for 
popash, 59 percent for Ogeechee tupelo, and 29 percent for water 
tupelo.  The same three species had smaller percentage declines 
in numbers of trees in table 10 (38 percent fewer trees for popash, 
44 percent for Ogeechee tupelo, and 19 percent for water tupelo). 
The results in table 10 are probably better estimates of percentage 
decline than the density calculations made from unweighted 











Changes in Hydrology and Forest Composition    35



data, because the table 10 results were based on a larger number 
of sampling plots. Table 10 results, however, could not be tested 
statistically because of weighting calculations needed to estimate 
numbers of trees floodplain-wide. It can reasonably be assumed 
that declines in number of trees for these three swamp species are 
at least 38 percent for popash, 44 percent for Ogeechee tupelo, and 
19 percent for water tupelo.  



Distribution of Species



Changes in the distribution of all species were examined 
by comparing 1976-1984 data (including data from Gholson, 
1985) to the 2004 data. The plant species lists created by 
Gholson in 1984 are the most complete listing of species 
throughout the floodplain. Only species listed by Gholson 
as occurring in the overstory and understory or as trees and 
shrubs were compared to 2004 canopy and subcanopy trees.



All 14 dominant species are found throughout the nontidal 
floodplain from rm 104.8 (the upstream limit of sampling) to 
rm 19.8 (the downstream limit of the nontidal area). Ogeechee 
tupelo was not observed on the Apalachicola River floodplain 
upstream of rm 85.8 in any of the studies. The distribution of 
these 15 species has not changed since 1976. 



Three tree species, with sample sizes of 10 or more 
in the 2004 data, were not sampled in the 1976 datasets. 
The most important of these species is American holly. Out 
of 3,572 canopy trees sampled in the 2004 data, 32 trees were 
American holly. An additional 40 American holly trees were 
found in the 2004 subcanopy. In the 1976 data, no American 
holly trees were sampled in a total of 2,971 canopy trees. 
In 1984, however, Gholson (1985) recorded American holly 
in the upper and lower reaches, and the 2004 data showed that 
it was found in all reaches of the nontidal floodplain. On the 
Ochlockonee River floodplain, American holly grew on the 
high terraces at higher median elevations than water oak or 
sweetgum (Light and others, 1993).



Silverbell is a small canopy tree that was sampled in the 
upper and middle reaches in Hiblh forests in 2004 (11 canopy 
trees, 9 subcanopy trees), but was not sampled in 1976. 
The range of this tree in 1984 in the Gholson study was similar 
to its range in 2004.



Fifteen American snowbells were found in the 2004 
subcanopy on the WEW transect in the middle reach and on 
plots in the lower reach, but the species was not recorded in 
the 1976 canopy or subcanopy and was seen by Gholson only 
in tidal floodplains downstream of rm 19. American snowbell 
was a subcanopy species found only in the upper tidal reach 
of the Suwannee River (Light and others, 2002). The change 



Table 10.  Total basal area and number of trees of important species in forests in the nontidal Apalachicola River floodplain, Florida.



[Total basal area and number of trees were weighted by the percent of area of each forest type in each reach before combining values from forest types. 
Losses in dominance values are shown in gray. Significant differences between 1976 canopy and 2004 canopy were determined using t-test. Probabilities (p) 
shown with ** are less than 0.05. Average Floodplain Indices (FI) of plots where sampled are from appendix 8. FSC, Floodplain Species Category]



Species a



Average FI  
of 1976  
plots  



where 
sampled



FSC



Basal area, in thousands of square meters Number of trees, in thousands



1976 2004 Difference
Difference,  
in percent



1976 2004 Difference
Difference,  
in percent



water oak 2.730 3 24.7 29.5 4.8 19.4      235      378 143 60.8



sweetgum 2.614 3 102.7 111.1 8.5 8.3   1,487    1,330 -157 -10.5



hackberry 2.547 3 53.1 52.5 -0.6 -1.2      949   1,159 210 22.2



ironwood 2.528 3 31.0 18.5 -12.5 -40.5   2,600  1,000 -1,601 -61.6



possum haw 2.505 3 9.5 5.5 -3.9 -41.6      553  580 27 4.9



green ash 2.281 2 65.0 56.8 -8.2 -12.6       550  501 -48 -8.8



swamp laurel oak 2.249 2 58.1 64.6 6.5 11.1   1,273 1,839 566 44.4



water hickory 2.154 2 86.2 102.6 16.5 19.1   1,054  985 -69 -6.6



red maple 2.061 2 11.9 19.5 7.6 63.9   1,312 849 -463 -35.3



overcup oak 1.980 2 69.4 68.1 -1.3 -1.9      695 357 -339 -48.7



river birch 1.848 2 29.4 25.7 -3.8 -12.8      577  453 -124 -21.5



popash 1.254 1 52.2 23.8 -28.4 -54.5   3,266 2,027 -1,240 -38.0



Ogeechee tupelo 1.226 1 116.4 105.7 -10.7 -9.2   2,335 1,319 -1,015 -43.5



bald cypress 1.190 1 108.8 107.5 -1.3 -1.2    1,421 1,064 -357 -25.1



water tupelo 1.138 1 295.1 261.6 -33.5 -11.4 3,517 2,836 -680 -19.3



All others 120.9 121.0 0.1 0.1  2,976 3,335 359 12.1



Total for all species 1,294.6 1,293.7 -0.9 -0.1  24,800 20,510 -4,290 ** -17.3 **



a See appendix 1 for scientific names.
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in distribution of American snowbell may be an indicator of 
decreased flood durations occurring in the lower part of the 
nontidal floodplain.



Two exotic species that commonly grow on disturbed 
sites in upland or wetland forests may have increased their 
range in the Apalachicola River floodplain. Chinaberry was 
sampled only in the upper reach in the 1976 data and the 
Gholson study, but was in both the upper and middle reaches 
in the 2004 data. Although only one canopy specimen of 
Chinese tallow tree was recorded on 2004 plots, this exotic 
species was observed growing in the upper and middle reaches 
at many sites. No Chinese tallow trees were recorded in the 
1976 data or by Gholson. 



Basal Area and Density of Trees by Forest Type 
and Floodplain Species Category



Basal area and density of 1976 and 2004 forest types 
and species grouped by FSCs were calculated from replicate 
plot data (71 pairs, 142 plots) so that t-tests could be used to 



determine significance of differences. The total basal area 
and density of forest types shown in figure 13 are weighted 
by the percentage of area of the forest type in each reach, but 
statistical results shown in the figure were calculated using 
unweighted replicate plot data. Means of the weighted data 
are slightly different from means of the unweighted data.



Basal area did not change significantly from 1976 to 
2004 (fig. 13). The relative stability of average basal area by 
forest type should not be construed as the overall condition of 
bottomland hardwood forests in the 2004 floodplain because 
there was a sampling bias toward undisturbed sites. Many 
of the 1976 Hiblh and Loblh plots were not sampled in 2004 
because of clear-cutting, especially on the CH, OR, and MR 
transects. Less clear-cutting occurred in swamps than occurred 
in bottomland hardwoods (although one swamp plot at WEW 
was cleared). Evidence of selective cutting in swamps was 
recorded in 1976 as well as in 2004, usually as bald cypress 
stumps, but was not common in either survey.
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Figure 13.  Mean basal area and density of trees on 1976 and 2004 replicated forest plots in the Apalachicola 
River floodplain, Florida. Number of pairs of replicate plots are given in parentheses below forest types. Basal 
area and density were weighted by the percent of area of each forest type in each reach. Probabilities (p) 
determined from t-test are based on unweighted data. P values shown with * are < 0.1 but > 0.05; with **, < 0.05.
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Canopy density has decreased in all forest types, and 
the loss of density (37 percent  less) was highly significant 
in swamps (1976, x = 1111 trees/ha, sd = 875; 2004, x = 699 
trees/ha, sd = 427; p = 0.001). Subcanopy tree density in 2004 
swamps was also significantly less than 1976 canopy density 
in swamps (1976 canopy, x = 1100 trees/ha, sd = 902; 2004 
subcanopy, x = 290 trees/ha, sd = 436; p < 0.001). 



The decrease in density of canopy trees in swamps 
has important ramifications for future swamp composition. 
Thinning of the canopy allows more sunlight on the forest 
floor, which may allow greater growth of ground-cover plants 
on the forest floor. In turn, the thicker ground cover makes 
it more difficult for tree seedlings to become established. 
Some swamps that were known to be nearly bare of ground 



cover in 1976 were densely covered with grasses and sedges 
in 2004 (cover photo). The average extent of ground cover 
on 2004 swamp plots averaged nearly 40 percent. In the 
Suwannee River floodplain, the same observer estimated 
ground-cover extent to average about 25 percent in nontidal 
swamps (Darst and others, 2002). Most of the ground cover 
species seen in 2004 swamps in the Apalachicola River 
floodplain were perennial grasses such as savannah panicum 
(Phanopyrum gymnocarpon).



When species in each forest type were grouped by FSCs, 
the changes in density from the 1976 canopy to the 2004 
canopy and subcanopy on replicated plots was significantly 
toward drier forest compositions in Loblh forests and swamps 
(fig. 14). In all forest types, the dominant FSCs in the 1976 
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Figure 14.  Mean density of trees grouped by Floodplain Species Categories on replicated forest plots (1976 and 2004) in the Apalachicola 
River floodplain, Florida. Number of pairs of replicate plots are given in parentheses below forest types. Densities were weighted by the 
percent of area of each forest type in each reach. Significant differences between 1976 canopy and 2004 canopy and subcanopy were 
determined using t-test. Probabilities (p) were calculated using unweighted data. P values shown with *  are < 0.1 but > 0.05; with **, < 0.05.
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canopy had a lower density in both the 2004 canopy and 
subcanopy. For example, in Loblh forests, the density of FSC2 
species (green bars) was significantly less in the 2004 canopy 
and subcanopy than it was in the 1976 canopy. In Loblh 
forests, the density of the next drier FSC group (FSC3, tan 



bars) had significantly increased in 2004. In swamps, the FSC2 
group increased in density while the FSC1 group decreased. 
The results of statistical tests on unweighted data from replicate 
plots are shown in table 11. The mean values for unweighted 
data are slightly different from values for weighted data.



Table 11.  Statistical evaluation of differences between densities of trees grouped by Floodplain Species Categories on 
replicate forest plots (1976 and 2004)  in the Apalachicola River floodplain, Florida.



[Significant differences between 1976 canopy and 2004 canopy and subcanopy density of Floodplain Species Categories (FSC) were deter‑
mined using t-test. Canopy includes trees ≥ 7.5 centimeter (cm) diameter at breast height (dbh); subcanopy trees are < 7.5 and ≥ 2.5 cm dbh.  
Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods; sd, standard deviation; x, mean;  >, greater than; ≥, greater than or 
equal to; <, less than; ≤, less than or equal to]



  Indicates difference is highly significant (p ≤ 0.05)
  Indicates difference is less significant  (p < 0.1 > 0.05)
  Indicates difference is not significant (p ≥ 0.1)



Forest type 
(number of pairs 



of replicate 
plots sampled)



FSC group
Mean density, in trees/ha, and standard deviation



Statistical significance of difference 
from 1976 canopy density for:



1976 canopy 2004 canopy 2004 subcanopy 2004 canopy 2004 subcanopy



Hiblh 
(15)



FSC1 x =   4.8
sd = 40.2



x =   8.8
sd = 17.2



  x = 0
sd = 0



p = 0.312 p = 0.087



FSC2 x = 72.4
sd = 72.4



x = 60.3
sd = 47.9



x = 33.4
sd = 26.0



p = 0.287 p = 0.026



FSC3 x = 459.7
 sd = 397.9



x = 433.9
 sd = 152.7



x = 581.6
 sd = 524.3



p = 0.396 p = 0.265



FSC4 x =   47.4
sd = 125.6



x = 46.5
sd = 59.9



x = 34.7
sd = 59.3



p = 0.487 p = 0.357



All x = 594.3
sd = 412.1



x = 549.4
sd = 153.2



x = 649.7
sd = 524.6



p = 0.326 p = 0.392



Loblh 
 (20)



FSC1 x = 58.7
sd = 85.4



x =   84.0
sd = 135.6



x = 28.6
sd = 39.6



p = 0.166 p = 0.091



FSC2 x = 360.8
sd = 263.1



x = 248.4
sd = 147.0



x = 99.2
sd = 91.1



p = 0.044 p < 0.001



FSC3 x = 101.5
 sd =   94.7



x = 161.4
 sd = 145.4



x = 301.2
 sd = 237.6



p = 0.063 p = 0.001



FSC4 x = 0.33
sd = 1.5



x = 0
sd = 0



x = 2.0
sd = 5.9



p = 0.165 p = 0.135



All x = 521.3
sd = 299.5



x = 493.9
sd = 160.5



x = 431.1
sd = 230.3



p = 0.367 p = 0.239



Swamp 
(36)



FSC1 x = 1,067.6
sd =    884.7



x = 609.8
sd = 461.6



x = 174.2
sd = 405.5



p < 0.001 p < 0.001



FSC2 x =   39.0
sd = 102.8



x =   75.1
sd = 107.6



x =   90.8
sd = 148.1



p = 0.084 p = 0.009



FSC3 x = 2.6
 sd = 9.2



x = 13.8
 sd = 32.4



x = 25.1
 sd = 56.4



p = 0.016 p = 0.013



FSC4 x =   1.8
sd = 10.2



x = 0
sd = 0



x = 0.3
sd = 1.9



p = 0.143 p = 0.188



All x = 1,111.1
sd =    874.6



x = 698.6
sd = 426.8



x = 290.5
sd = 436.2



p = 0.001 p < 0.001
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Growth Rates, Tree Sizes, Mortality, and 
Recruitment



Data on tree species and forest types were obtained at the 
thesis plots in 2004 by sampling the survivors of the trees that 
were sampled in 1976. Analyses of these data are presented in 
detail, because information of this type is rarely available for 
the same set of trees over a long period of time (28 years).



Growth Rates



The average growth rate for all tree species on the 
thesis transects was 0.38 cm/yr (table 4). All results were 
shown in table 4 regardless of sample size because growth 
rates of many floodplain tree species are poorly known. 
Species that are typically dominant in Hiblh forests would be 
expected to have optimum growth rates in Hiblh forests, but 
sweetgum and hackberry grew at a faster rate in Loblh than 
in Hiblh forests (table 4). Drier conditions may have slowed 
the growth of these species in Hiblh forests relative to their 
growth in Loblh forests. Slow-growing species, such as green 
haw, possum haw, persimmon, and box elder are typically 
small canopy trees at maturity. When young, these smaller 
trees may grow more rapidly in temporary openings in the 
canopy and then grow very slowly when ultimately suppressed 



by the taller canopy trees. Most possum haw and popash trees 
have multiple trunks, and growth rates for these species may 
not apply to any individual trunk, but are still indicative of the 
rate of increase in biomass.



Growth rates of 51 trees at the BLT transect were 
compared statistically to growth rates for the same trees 
determined from tree-ring samples taken in 2006 (Smith, 
2007). The 51 trees sampled were of 5 species (bald cypress, 
hackberry, swamp laurel oak, overcup oak, and green ash) and 
had an average dbh of 42 cm. No significant difference was 
found between growth rates of individual trees determined by 
Smith from tree rings and those calculated from dbh measure‑
ments (p = 0.647) using the Wilcoxon matched-pairs signed-
ranks test. 



Incremental Tree-Size Groups



Incremental size groups of trees on the thesis plots in 
1976 and 2004 are shown in figure 15. The tops of the bars 
form the inverted J-shaped curve that is typical of mature, 
continually regenerating forest stands (Shimano, 2000). 
The slightly less steeply curved shape of the 2004 data size 
groups indicates some maturing of the forests with an increase 
in the number of trees in the number 5 or larger size groups. 
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Figure 15.  Incremental size groups of canopy trees on the thesis transects in 1976 and 2004 on the Apalachicola River 
floodplain, Florida. Incremental size groups of canopy trees have diameters at breast height in 10 cm increments beginning 
with size group 2 (≥ 7.5 and < 17.4 cm) and ending with size group 15 (≥ 137.5 and < 147.4 cm).
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Changes in incremental tree-size groups (fig. 15), total 
basal area, and average dbh of canopy trees (table 12) for 
forest types support the conclusion that, although the forests 
at the thesis transects appeared to be mature in 1976, some 
additional maturation had occurred by 2004. At the WEW 
transect, the position of the site on newly created land formed 
by a laterally accreting bank (fig. 5), helps explain why forests 
were younger at the WEW transect in 1976, but the BLT 
transect is on an eroding channel bank. Forests on the BLT 
transect appeared to be mature in 1941 aerial photos (fig. 3), 
but they may still have been recovering from selective cutting 
done in the late 1800s and early 1900s, because the maximum 
potential for biomass had not been realized in 1976.



Mortality and Recruitment Rates



Out of 717 canopy trees surveyed at BLT and WEW 
in 1976, 255 trees were dead in 2004 (table 12). Snags, 
stumps, holes, or depressions were evident where most trees 
had died. The combined mortality rate averaged 1.3 percent 
per year at both transects. By 2004, 251 new canopy trees 
appeared at both transects, bringing back the total number of 
canopy trees alive in 2004 to 713. Tree numbers were main‑
tained in a nearly steady state by mortality and recruitment 



rates, but there was a small net loss of trees at BLT (2.2 
percent) and an increase in trees at WEW (4.7 percent) over 
an average of 28 years.



 Mortality per year at both transects was lower in swamps 
and in Loblh plots than in the only Hiblh plot (the levee at 
BLT), which had a mortality rate of 1.5 percent. Average 
recruitment rates per year were highest in Loblh and lowest in 
Hiblh. The net result of these changes is a loss of tree density 
in Hiblh and in swamps, and a gain in tree density in Loblh 
forests.



 Mortality and recruitment of 14 tree species at the thesis 
transects are shown in table 13. Although water oak is a 
dominant species (table 9), it was not included, because only 
one tree was sampled on the thesis plots in 1976. Four species 
dominant in Hiblh forests (sweetgum, hackberry, ironwood, 
and possum haw) had higher recruitment in Loblh than in 
Hiblh forests, which could be an indication of drier hydro‑
logic conditions. Although all three species, which are listed 
as intolerant of shade, are in decline at the thesis transects 
(which might be expected in maturing forests), several species 
listed as intermediate or very tolerant of shade are also 
decreasing in density. 



Table 12.  Composition characteristics of 1976 and 2004 forest types at the BLT and WEW transects in the Apalachicola 
River floodplain, Florida.



[Data were collected at plots used in thesis research by Leitman (1978). Data from 1976 were modified to match boundaries of remnant 
plots in 2004. dbh, diameter at breast height; ha, hectare; m2, square meters]



Forest Types



Hiblh Loblh Swamp All types



  1976 2004 1976 2004 1976 2004 1976 2004



Area, in ha 0.266 0.266 1.012 1.012 0.322 0.322 1.6 1.6



Total basal area, in m2 8.98 9.79 22.72 31.05 8.21 11.37 39.91 52.21



Basal area, in m2/ha 33.7 36.8 20.6 27.7 28.9 37.7 24.9 32.6



Average dbh per canopy tree, in centimeters 22.0 26.9 22.2 23.6 23.0 28.0 22.3 24.9



Number of  trees 168 123 430 479 119 111 717 713



Density, in trees/ha 632 462 398 448 385 369 488 446



Dead trees in 2004 70 149 36 255



Mortality, in percent of trees per year 1.5 1.2 1.1 1.3



New trees in 2004 25 198 28 251



Recruitment, in percent of trees per year 0.5 1.7 0.8 1.3



Net change in density, in percent of trees 
per year -1.0 0.5 -0.3 0.0
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Floodplain Indices
FIs were used to quantitatively compare the relative 



wetness or dryness of forest tree species compositions. The FIs 
of plots and tree-size classes in 1976 and 2004 forests were 
compared to each other and to FIs from forests on other north 
Florida streams. The changes in FIs at the thesis plots, where 
1976 trees were exactly recovered in 2004, are also discussed. 
The significance of differences in FIs was statistically exam‑
ined with the Wilcoxon matched-pairs signed-ranks test. 



Replicate Plots



The composition of 2004 plots that replicated 1976 
plots (71 pairs of plots) averaged 4.4 percent (+0.044) drier 
(p = 0.086, table 14, app. 9). Analysis of replicate plots 
grouped by forest types indicates that most of this drying 
occurred in swamps that were significantly drier in 2004 (8.8 
percent, p = 0.026). Analysis grouped by reach indicated that 
replicate plots of all forest types in the upper reach aver‑
aged 5.0 percent drier in composition than in 1976 forests 
(p = 0.066). Replicate plots in the middle and lower reaches 
were not significantly drier in composition than 1976 plots. 



The relatively small change in FIs of 4.4 percent found in 
replicate plot sampling was probably due to the importance of 
the large canopy trees in determining FIs. The total basal area 
of the large canopy trees was more than 80 percent of the total 
basal area for all trees in the 1976 and 2004 datasets. The 2004 
large canopy tree-size class, with a median age of 99 years 
(table 5), grew in pre‑1954 hydrologic conditions for nearly 
half of their lives. Eventually, the larger trees will be replaced 
by trees that have lived entirely in post-1954 years. 



A comparison of FI values for the 1976 canopy and 
small canopy tree classes on the eight replicated thesis plots 
is shown in table 15. The 1976 small canopy trees were drier 
at five plots and wetter at three plots than the 1976 canopy 
tree-size class. If the smaller canopy tree-size class was an 
indicator of the future composition of the canopy, five plots 
would be expected to have become drier and three would have 
become wetter. The 1976 small canopy composition predicted 
the direction of change (to drier or wetter FI) in composition 
of the 2004 canopy correctly in seven of eight cases. At one 
Loblh plot at WEW, the canopy became drier despite the 
indication of a future change to a wetter canopy. 



Table 13.  Mortality and recruitment of 14 tree species on the BLT and WEW transects in the Apalachicola River floodplain, Florida.



[Species are listed in descending order by net change. Scientific names of species are listed in appendix 1. Hiblh, high bottomland hardwoods; Loblh, 
low bottomland hardwoods; yr, year]



Species FSC
Sample 



size
Shade  



tolerancea



Mortality, in percent/yr Recruitment, in percent/yr Net 
change, in 
percent/yrHiblh Loblh Swamp All Hiblh Loblh Swamp All



Ogeechee tupelo 1 17 not listed   0.000 0.000 0.000   7.181 4.695 5.280 5.28



hackberry 3 46 very tolerant 0.399 0.873   0.781 0.000 2.135 new 2.030 1.25



ironwood 3 36 very tolerant 1.056 1.134   1.097 1.690 2.835   2.294 1.20



overcup oak 2 46 moderately 
intolerant



1.795 0.850 1.795 1.015 0.598 1.795 1.795 1.639 0.62



swamp laurel oak 2 52 intermediate to 
intolerant



1.306 1.051   1.105 0.326 2.102   1.726 0.62



red maple 2 22 tolerant   1.026 0.449 0.816 new 1.795   1.306 0.49



bald cypress 1 23 intermediate   0.000 0.239 0.156   1.795 0.000 0.624 0.47



possum haw 3 36 very tolerant 1.867 0.979   1.596 0.575 3.591   1.496 -0.10



green ash 2 45 intermediate 1.436 1.197 1.795 1.277 0.000 1.415 0.000 1.037 -0.24



water hickory 2 65 intermediate 3.591 1.274   1.381 1.197 0.985   0.994 -0.39



water tupelo 1 17 intolerant     0.785 0.785     0.000 0.000 -0.79



sweetgum 3 116 intolerant 1.323 1.643   1.486 0.063 0.669   0.371 -1.11



popash 1 36 intermediate   1.197 2.067 1.995   0.000 0.000 0.000 -2.00



river birch 2 7 intolerant 3.591 2.394   2.565 0.000 0.000   0.000 -2.57



a From Clark and Benforado, 1981.
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The Hiblh plot at BLT had the greatest change to drier 
composition of any thesis plot (18 percent, table 15). This 
plot was located on an eroding bank and part of the original 
plot was gone in 2004. Increased drainage caused by close 
proximity of this plot to the river channel probably contributed 
to the change to drier species composition. The Loblh plot 
adjacent to the Hiblh plot at BLT was not in close enough 
proximity to the channel to be affected by increased drainage. 
That Loblh plot and the swamp plot on the BLT transect 
were wetter in composition in 2004 than in 1976. The swamp 
plot is in a depression that collects water during heavy rains 
and retains water after river overflows. The Loblh plot is 
connected to the same swamp by a shallow swale. If beaver 
activity (which was observed in the BLT swamp in 2005) is 
greater now than it was prior to 1976, water retention on these 
two plots could have increased. 



Floodplain forests could change to a drier species 
composition if flood durations become shorter or if the deposi‑
tion of alluvial sediments increased ground elevations. There 
was no evidence of significant sedimentation on either thesis 



transect since 1976. Photographs taken from about the same 
spot in 1977 and 2005 at the BLT transect show a remarkable 
similarity in the exposure of tree bases (fig. 16). 



FIs of canopy trees on all thesis plots averaged 6.7 
percent drier from 1976 to 2004 (table 15), which was more 
than the average difference for the whole replicate plot set (4.4 
percent, table 14). The rate of change in FI values from 1976 
to 2004 for canopy trees at all thesis plots averaged 0.2 percent 
drier per year. If this rate of change remains constant, plots at 
the WEW and BLT transects could become 19.4 percent drier 
than the 2004 canopy by 2085, the year when the median age 
of surviving 2004 subcanopy trees will reach the median age 
(99 years) of the 2004 large canopy trees. 



1976 Size Classes
Water-level decline began in 1954, so FI values for 



the tree-size classes at the 1976 thesis and ARQA intensive 
plots were analyzed to determine if changes to drier forest 
composition were already evident in 1976. At these 21 plots, 
the average FI value for all canopy trees was significantly 



Table 14.  Changes in Floodplain Indices from 1976 to 2004 for replicate plots grouped by 
reach and forest type in the Apalachicola River floodplain, Florida.



[Results are listed for individual plots in appendix 9. A change of  + 0.01 in a Floodplain Index (FI) 
is a change of 1 percent of the species composition (as determined by dominance) toward a drier 
forest type. FIs are calculated from relative basal areas of canopy trees weighted by the Floodplain 
Species Category. Significant differences between 1976 canopy and 2004 canopy were determined 
using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 but < 0.10; 
with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods; n; sample 
size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



  Indicates FI for 2004 plot is drier than FI for 1976 plot (difference is positive)
  Indicates FI for 2004 plot is wetter than FI for 1976 plot (difference is negative)



 Reach
 Forest 



type
 Sample 



size



Average Floodplain Indices (FI) Difference in FI  
(2004 canopy minus  



1976 canopy) 1976 canopy 2004 canopy



UPPER



Hiblh   9 2.801 2.821 0.019



Loblh   7 2.150 2.183 0.033



Swamp 14 1.034 1.113 0.079 *



All 30     0.050 *



MIDDLE



Hiblh   6 2.804 2.799 -0.005



Loblh 11 1.997 2.018 0.021



Swamp 16 1.138 1.256 0.118



All 33     0.063



LOWER



Loblh   2 1.995 1.666 -0.328



Swamp   6 1.015 1.044 0.029



All   8     -0.061



Average difference in FI for Hiblh (n = 15) 0.010



Average difference in FI for Loblh (n = 20) -0.010



Average difference in FI for Swamp (n = 36) 0.088 **



Average difference in FI for all plots (n = 71) 0.044 *
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Table 15.  Change to drier or wetter species composition of the 2004 canopy predicted by differences in Floodplain Indices between the 1976 
canopy and 1976 small canopy tree-size classes at plots on the BLT and WEW transects in the Apalachicola River floodplain, Florida.



[Plots located at the BLT and WEW transects were sampled in 1976-1977 (Leitman, 1978) and resampled in 2004-2006. The elapsed years between surveys 
was 28.2 years at the WEW transect and 27.5 years at the BLT transect. A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the species 
composition, as determined by dominance, toward a drier forest type. FIs are calculated from relative basal areas. Canopy trees are ≥ 7.5 centimeter (cm) 
diameter at breast height (dbh); small canopy trees are < 25 and ≥ 7.5 cm dbh. FIs for canopy trees calculated from relative basal areas. >, greater than; 
≥, greater than or equal to; <, less than; ≤, less than or equal to]



  Indicates FI is drier than FI of 1976 canopy (difference is positive)
  Indicates FI is wetter than FI of 1976 canopy (difference is negative)



Transect
Forest type 



of plot



Floodplain Index (FI) Difference in FI Was the direction of 
change in FI for the  



2004 canopy predicted  
correctly by the FI of the  



1976 small canopy?



Annual rate of positive  
change in FI (to drier  
species composition)



FI for 1976  
canopy



1976 small  
canopy trees



2004 canopy  
trees



1976 small canopy  
minus 1976  



canopy



2004 canopy  
minus 1976  



canopy



   WEW



Loblh 1.767 1.820 1.933 0.053 0.166 yes 0.006



Loblh 1.914 1.587 2.062 -0.327 0.148 no 0.005



Swamp 1.134 1.208 1.224 0.074 0.090 yes 0.003



   BLT



Hiblh 2.650 2.772 2.830 0.122 0.180 yes 0.007



Loblh 2.228 2.103 2.092 -0.125 -0.136 yes -0.005



Loblh 2.335 2.640 2.435 0.305 0.100 yes 0.004



Loblh 2.128 2.279 2.146 0.151 0.018 yes 0.001



Swamp 1.077 1.042 1.048 -0.035 -0.029 yes -0.001



Average 1.904 1.931 1.971 0.027 0.067 0.002



1976 2005



Photographs by Helen Light



A



B



C



A



B



C



Figure 16.  Low bottomland hardwood forest on the BLT transect in 1976 and 2005 in the upper reach of the Apalachicola 
River floodplain, Florida. Although lens distortion varies between these two photographs taken 29 years apart, they were 
taken from the same location facing in the same direction. Three trees that were present in 1976 and 2005 are marked A, 
B, and C. Surviving tree bases are exposed to the same extent in both photographs, indicating that no significant erosion 
or sedimentation took place between 1976 and 2005.
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drier (2.8 percent, p = 0.026) than the FI value for the large 
canopy tree-size class (table 16), indicating that forest 
composition had become drier when sampled in 1976 than the 
forest composition prior to 1954. The 1976 small canopy tree 
size was 8.8 percent drier than the 1976 canopy (p = 0.080), 
indicating that forests would probably become drier on these 
plots in the future.



The upper reach had the largest sample size (n = 12) 
of any reach or forest type, and the average differences in 
FI values for size classes were significant only for this subset. 
Forests in the upper reach were 4.0 percent drier in composi‑
tion than they were prior to 1954 (p = 0.032) (using the 
large canopy tree-size class to represent the pre‑1954 forest 
composition). The average difference in FIs between the small 
canopy tree-size class and canopy trees in the upper reach 
was 13.6 percent drier (p = 0.032). Forest drying may have 
proceeded more quickly in the upper reach than in down‑
stream reaches, because large declines in water levels in the 
upper reach occurred rapidly in the first 10 years after the dam 
was constructed in 1954 (Light and others, 2006).



 2004 Size Classes



Small canopy trees on 2004 forest plots averaged 10.5 
percent drier, and subcanopy trees were 31.0 percent drier than 
canopy trees (table 17, app. 10). Average differences between 
subcanopy trees and canopy trees were highly significant for 
all plots combined (p < 0.001), and plots combined by reach or 
forest type (p ≤ 0.012). The large canopy tree-size class in 2004 
forests was 1.6 percent wetter than canopy trees, indicating that 
the longest time period, including many years prior to 1954, had 
the wettest hydrologic conditions. The much drier subcanopy 
tree-size class indicates that the driest conditions occurred in the 
shortest and most recent time period. The average change for 
subcanopy trees (31.0 percent drier) is large, indicating a high 
potential for a much drier canopy in the future.



Size Classes on Other North Florida Streams



Differences in FI values for tree-size classes on the 
Suwannee, Ochlockonee, Aucilla, St. Marks, and Telogia 
floodplains suggest that forest composition may be drying on 



Table 16.  Differences in Floodplain Indices for 1976 canopy tree-size classes in forests of the Apalachicola River 
floodplain, Florida. 



[Data in this table is from thesis plots and Apalachicola River Quality Assessment intensive plots. A change of + 0.01 in a Flood‑
plain Index (FI) is a change of 1 percent of the species composition, as determined by dominance, toward a drier forest type. FIs 
are calculated from relative basal areas. Tree size class definitions: canopy ≥ 7.5 centimeter (cm) diameter at breast height (dbh); 
large canopy, ≥ 25 cm dbh; small canopy, < 25 and ≥ 7.5 cm dbh. Significant differences between 1976 canopy and 2004 canopy 
were determined using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 but < 0.10; with ** 
are ≤ 0.05. Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods; n, number of plots; >, greater than; ≥, greater 
than or equal to; <, less than; ≤, less than or equal to]



  Indicates FI for given size class is drier than FI for canopy trees (difference is positive)
  Indicates FI for given size class is wetter than FI for canopy trees (difference is negative)



Reach
Forest  
type



Sample  
size



Average 1976 Floodplain Indices (FI) Difference in FI



Canopy Large canopy Small canopy
Large canopy 
minus canopy



Small canopy 
minus canopy



UPPER



Hiblh 4 2.747 2.706 2.895 -0.040 0.148



Loblh 4 2.194 2.125 2.380 -0.069 0.186



Swamp 4 1.074 1.063 1.148 -0.011 0.074



All 12 2.005 1.965 2.141 -0.040 ** 0.136 **



MIDDLE
Loblh 3 1.968 1.977 1.842 0.009 -0.126



Swamp 2 1.225 1.225 1.233 0.000 0.008



All 5 1.693 1.671 1.749 0.006 -0.072



LOWER
Loblh 2 1.995 1.930 2.264 -0.065 0.269



Swamp 2 1.003 1.000 1.023 -0.003 0.020



All 4 1.479 1.456 1.567 -0.034 0.145



Average difference in FI for Hiblh (n = 4) -0.040 0.148



Average difference in FI for Loblh (n = 9) -0.042 0.101



Average difference in FI for Swamp (n = 8) -0.006 0.044



Average difference in FI for all plots (n = 21) -0.028 ** 0.088 *
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some other north Florida floodplains, but combined results 
from all five rivers were not statistically significant, and 
the amount of drying was generally much less than that on 
the Apalachicola River floodplain (table 18). The average 
difference between the subcanopy and canopy trees was 11.4 
percent drier on the five other floodplains compared with 
26.9 percent drier in Apalachicola River floodplains. Values 
for the Apalachicola River in table 18 differ from those in 
table 17 because the definition for subcanopy trees is different. 
Subcanopy trees on the five other floodplains were defined 
as trees with a dbh < 10.0 cm; therefore, tree data from the 
Apalachicola River floodplain plots were regrouped for this 
analysis into size classes with the same definition.



Of the five other streams, the Ochlockonee River is 
probably the most similar to the Apalachicola River in terms 
of floodplain characteristics and forest composition. Both are 



alluvial streams and the Ochlockonee River is geographically 
closer to the Apalachicola than the other four streams. Unlike 
the Apalachicola River, however, large canopy trees on 
Ocklockonee River plots were drier than the canopy trees, 
and small canopy trees were wetter.



Differences in FI values for size classes on the Suwannee 
River were the most similar to the differences on the 
Apalachicola River. The large canopy was 3.5 percent wetter 
in composition than the canopy, the small canopy trees were 
8.8 percent drier than the canopy, and the subcanopy trees 
were 17.8 percent drier than the entire canopy. This may 
indicate that water-level decline has occurred on the Suwannee 
River. Differences in FI values for the large canopy and small 
canopy size classes on the Suwannee River were statistically 
significant, but the difference for the subcanopy trees was not 
significant. 



Table 17.  Differences in Floodplain Indices between 2004 canopy and subcanopy tree-size classes by reach and forest type in the 
Apalachicola River floodplain, Florida.



[Results are listed for individual plots in appendix 10. A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the species composition 
(as determined by dominance) toward the next drier forest type. FIs for canopy trees are calculated from relative basal areas; for subcanopy trees, from rela‑
tive density. Canopy trees have diameter at breast height (dbh) ≥ 7.5 centimeter (cm); large canopy trees have dbh ≥ 25 cm; small canopy trees, dbh < 25 
and ≥ 7.5 cm; and subcanopy trees, dbh < 7.5 and ≥ 2.5 cm. Significant differences between tree-size classes were determined using Wilcoxon matched-
pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 but < 0.10; with ** are ≤ 0.05.  Hiblh, high bottomland hardwoods; Loblh, low bottomland 
hardwoods; n = sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



  Indicates FI for given size class is drier than FI for canopy trees (difference is positive)
  Indicates FI for given size class is wetter than FI for canopy trees (difference is negative)



Reach
Forest  
type



Number  
of  



plots



Average 2004 Floodplain Indices (FI) Difference in FI



Canopy Large canopy Small canopy Subcanopy
Large  



canopy  
minus canopy



Small  
canopy  



minus canopy



Subcanopy  
minus canopy



UPPER



Hiblh 10 2.853 2.820 3.055 3.018 -0.033* 0.202 ** 0.165



Loblh 7 2.183 2.124 2.475 2.702 -0.060** 0.291 ** 0.519 **



Swamp 14 1.113 1.105 1.207 1.533 -0.008** 0.094 ** 0.421 **



All 31 1.809 1.888 2.09 2.276 -0.028 ** 0.174 ** 0.360 **



MIDDLE



Hiblh 6 2.799 2.785 2.875 2.909 -0.014 0.076 0.109



Loblh 11 2.018 2.000 2.102 2.474 -0.017 0.085 0.393 **



Swamp 17 1.241 1.233 1.376 1.398 -0.009 0.135 * 0.171



All 34 1.767 1.755 1.876 2.059 -0.012 0.108 * 0.233 **



LOWER



Hiblh 3 2.642 2.629 2.647 2.880 -0.013 0.004 0.237



Loblh 16 2.026 2.006 2.064 2.425 -0.020 0.039 0.399 **



Swamp 11 1.096 1.093 1.119 1.368 -0.002 0.023 0.274 **



All 30 1.746 1.734 1.776 2.083 -0.007 0.030 0.337 **



All 95 1.809 1.793 1.914 2.141a



Average difference in FI for Hiblh (n = 19) -0.024 ** 0.131 ** 0.159 **



Average difference in FI for Loblh (n = 34) -0.022 * 0.106 ** 0.423 **



Average difference in FI for Swamp (n = 42) -0.007 ** 0.092 ** 0.289 **



Average difference in FI for all plots (n = 95) -0.016 ** 0.105 ** 0.310 **



aAverage difference for subcanopy is based on an  
average FI of 1.830 for the 2004 canopy of 91 plots.  
Four plots had no subcanopy trees.
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Table 18.  Differences in Floodplain Indices of tree-size classes on floodplain forest plots of six North Florida 
streams.



[Results are based on data from six streams collected from 1987 to 2006. A change of  + 0.01 in a Floodplain Index (FI) is 
a change of 1 percent of the species composition (as determined by dominance) toward a drier forest type. FIs for canopy 
trees calculated from relative basal areas of trees; for subcanopy trees, from relative density. For this analysis, tree size 
classes were defined as follows: canopy, diameter at breast height (dbh) ≥ 10.0 centimeter (cm); large canopy trees, dbh 
≥ 25 cm; small canopy trees, dbh < 25 and ≥ 10.0 cm; and subcanopy trees, dbh < 10.0 and ≥ 2.5 cm. Significant differ‑
ences between tree-size classes were determined using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown 
with * are > 0.05 but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods]



  Indicates FI for given size class is drier than FI for canopy trees (difference is positive)
  Indicates FI for given size class is wetter than FI for canopy trees (difference is negative)



River (year sampled) Difference in FI



Forest type
Number of  



plots
Large canopy minus  



canopy
Small canopy minus  



canopy
Subcanopy minus  



canopy



Apalachicola River (2004-2006)      



Hiblh 19 -0.007 ** 0.120 ** 0.190 **



Loblh 34 -0.016 0.081 0.394 **



Swamp 42 -0.005 * 0.083 * 0.279 **



Average for all plots 95 -0.009 ** 0.089 ** 0.269 **



Suwannee River (1996-1999)      



Hiblh 6 -0.029 0.025 0.064



Loblh 5 -0.047 0.172 0.267



Swamp 5 -0.034 0.108 0.266



Average for all plots 16 -0.035 ** 0.088 ** 0.178



Ochlockonee River (1987-1990)      



Hiblh 3 0.013 -0.133 0.312



Loblh 3 0.047 -0.352 -0.080



Swamp 3 -0.004 0.035 0.012



Average for all plots 9 0.019 -0.150 0.081



Aucilla River (1987-1990)      



Loblh 2 0.001 -0.031 -0.284



St. Marks River (1987-1990)      



Loblh 2 -0.026 0.140 -0.198



Telogia Creek (1987-1990)      



Swamp 2 -0.020 0.079 0.454



Average difference in FI on Suwannee, 
Ochlockonee, Aucilla, and St. Marks  



Rivers and Telogia Creek   
plots combined



-0.016 0.014 0.114



Average difference in FI on Apalachicola 
River plots combined



-0.009 ** 0.089 ** 0.269 **
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Drier Forests Associated with Decline in 
River Levels



Results of forest composition analyses presented thus 
far suggest that many forest changes are attributable to drier 
hydrologic conditions in the floodplain. Temporal changes in 
hydrologic conditions and forest composition are examined in 
this section.



To link changes in hydrology to changes in vegetation, 
the correlations between flood durations in the growing season 
and FIs were analyzed. Flood durations in the growing season 
and FIs of four tree-size classes were significantly correlated 
for Hiblh and Loblh forests, all forest types combined in each 
reach, and all forest types in all reaches combined (table 19). 
Flood durations in the growing season in swamps were not 
significantly correlated to FIs. Correlations for all groups 
were negative; as flood durations increased, FIs decreased. 
Correlations with other hydrologic parameters were also 



tested (not shown on table 19) and FIs of swamps were not 
significantly correlated to flood durations in the whole year, 
depths, or frequencies. Hydrologic conditions estimated from 
river stage, without adjustments for local site characteristics, 
were generally underestimated for depressional swamps in the 
floodplain and overestimated for swamps at BR. The Pearson r 
values, significance, and sample sizes for all forest groups are 
presented in appendix 11. 



Temporal changes in hydrologic conditions are compared 
to temporal changes in forest composition by presenting both 
in terms of change toward the next drier forest type. Flood 
durations during hydrologic periods associated with 1976 
and 2004 tree-size classes were used to calculate the change 
in flood duration toward duration of the next drier forest 
types. Results from FI analyses are summarized to represent 
past or potential change to drier forest species composition 
from pre‑1954 to 2085, and the impacts of changes in forest 
composition are discussed.



Table 19.  Correlations between Floodplain Indices of 1976 and 2004 tree-size classes and flood durations in forests 
of the Apalachicola River floodplain, Florida.



[Flood duration is the average number of days of flooding in the growing season. Correlations in swamp forests are low, primarily 
because flood durations were calculated directly from stage in the adjacent river channel without any adjustments for water 
retention in depressions or other factors affecting the relation between river stage and floodplain water levels. Correlations were 
calculated using Pearson correlation coefficients (r). Details of statistical analyses are given in appendix 11. Canopy includes 
trees ≥ 7.5 cm diameter at breast height (dbh); small canopy trees are < 25 and ≥ 7.5 centimeter (cm) dbh; subcanopy trees 
are < 7.5 and ≥ 2.5 cm dbh. Floodplain Indices (FI) for canopy trees calculated from relative basal areas; for subcanopy trees, 
from relative density. Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods; p, probability; >, greater than; 
≥, greater than or equal to; ≤, less than or equal to]



  Indicates correlation is highly significant (p ≤ 0.05)
  Indicates correlation is less significant (p < 0.1 and > 0.05)
  Indicates correlation is not significant (p ≥ 0.1)



Forest type Reach



Pearson r values for correlations between FIs and flood inundation in the growing season



 1976 canopy  
trees



2004 canopy  
trees



2004 small canopy 
trees



2004 subcanopy  
trees



   Hiblh    All -0.499 -0.637 -0.628 -0.439



   Loblh    All -0.405 -0.563 -0.511 -0.603



   Swamp    All -0.081 -0.108  -0.158 -0.163



   Reaches



   UPPER -0.648 -0.781 -0.731 -0.669



   MIDDLE -0.702 -0.757 -0.763 -0.649



   LOWER -0.785 -0.841 -0.841 -0.776



   Average -0.680 -0.636 -0.603 -0.566
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Shorter Flood Durations



Flood durations in the growing season for the 1976 
canopy (1923-1976) and 2004 subcanopy tree-size class 
(1995-2004) are shown for all forest types in all reaches in 
figure 17. Flood durations during 1995-2004 were shorter than 
flood durations during 1923-1976 for all forest types in all 
reaches; for example, in Loblh in the middle reach, the median 
flood duration of 47 days for the 1976 canopy decreased to 27 
days for 2004 subcanopy trees. 



Change in flood duration toward duration of the next 
drier forest type was calculated for each forest type in each 
reach (table 20). The following example is provided to demon-
strate how these data were calculated (see formula in section 
titled “Flood Duration, Depth, and Frequency by Forest Type 
and Reach”). The change in flood durations for Loblh forest 
in the middle reach from 1923-1976 to 1995-2004 was 65.6 
percent (last column, table 20). This value was calculated from 
data in figure 17 as follows:
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Figure 17.  Comparison of earliest (1923-76) and latest (1995-2004) flood durations by forest type and reach in the 
Apalachicola River floodplain, Florida. In most cases, the latest durations are similar to the earliest durations of the next 
drier forest type, a hydrologic shift that has encouraged a change in forest composition toward a drier mix of species. 
All values were calculated directly from stage in the adjacent river channel without any adjustments for water retention 
in depressions or other factors affecting the relation between river stage and floodplain water levels.
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Step 1



▪  Median flood duration for Loblh in middle reach in the 
    baseline period (1923-1976) = 46.70 days
▪  Median flood duration for Loblh in middle reach in 
    the most recent period (1995-2004) = 27.00 days
▪  Difference (46.70 – 27.00) = 19.70 days



Step 2



▪  Median flood duration for Loblh in middle reach in the  
    baseline period (1923-1976) = 46.70 days
▪  Median flood duration for Hiblh (the next drier forest type)  
    in middle reach = 16.69 days
▪  Difference (46.70 – 16.69) = 30.01 days



Step 3



▪  19.70 days / 30.01 days = 0.656
▪  0.656 * 100 = 65.6 percent change in flood duration  
    toward duration of next drier forest type



Changes in flood durations toward the durations of the 
next drier forest type are substantial in all forest types in all 
reaches with every advancing time period (table 20). Total 
changes in flood durations toward that of the next drier forest 
type were greatest in the upper reach (95.9 percent), interme‑
diate in the middle reach (64.2 percent), and least in the lower 
reach (42.0 percent). The total change in flood durations for all 
floodplain forests was a 70.4 percent shift toward the baseline 
flood durations of the next drier forest types.



Table 20.  Changes to shorter flood durations in forests of the Apalachicola River 
floodplain, Florida.



[Flood duration is the average number of days of flooding in the growing season based on stage in 
the adjacent river channel without any adjustments for water retention in depressions or other factors 
affecting the relation between river stage and floodplain water levels. The time period from 1923 
to 1976 is associated with 1976 canopy trees; 1951 to 2004, 2004 canopy trees; 1976 to 2004, 2004 
small canopy trees; 1995 to 2004, 2004 subcanopy trees. Canopy includes trees ≥ 7.5 centimeter 
(cm) diameter at breast height (dbh); small canopy trees are < 25 and ≥ 7.5 cm dbh; subcanopy trees 
are < 7.5 and ≥ 2.5 cm dbh. Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods; 
>, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



Forest  
type



Reach



Change in flood duration to duration of the next  
drier forest type, in percent, for time periods associated  



with forest sampling groups



From  
1923-1976 to  



1951-2004



From  
1951-2004 to  



1995-2004



Total change from  
1923-1976 to  



1995-2004



    Hiblh



   UPPER 32.3 36.4 68.7



   MIDDLE 5.8 23.8 29.6



   LOWER 10.0 14.8 24.8



   All 24.6 25.4 50.0



    Loblh



   UPPER 40.6 26.7 67.3



   MIDDLE 33.8 31.8 65.6



   LOWER 41.0 37.4 78.4



   All 33.6 21.4 55.0



    Swamp



   UPPER 82.8 68.9 151.7



   MIDDLE 52.2 45.3 97.5



   LOWER 9.3 13.6 22.9



   All 52.7 53.4 106.1



    Reachesa



   UPPER 51.9 44.0 95.9



   MIDDLE 30.6 33.6 64.2



   LOWER 20.1 21.9 42.0



   All 37.0 33.4 70.4



aAverage of forest types.
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Flood durations have decreased more in swamps (106.1 
percent) than in bottomland hardwood forests (50-55 percent). 
A value for swamps that exceeds 100 percent indicates that the 
flood duration of swamps has changed to a duration beyond 
that of Loblh (the next drier type) toward that of Hiblh forests. 
For some swamps that are directly connected to the river, 
such as the swamp at PL transect in figure 11A, a measure of 
hydrologic change, such as shown in table 20, is an accurate 
one. For other swamps, duration changes calculated from river 
stage may or may not be accurate, but field observations at 
the SE swamp (fig. 11B) suggest that decreases in inundation 
have been quite large even in swamps that do not have direct 
connections. Swamp duration changes in table 20 provide a 
rough estimate of relative change in the absence of long-term, 
site-specific measurements in swamps. 



Drier Forest Composition



The total drying estimates for forest types from pre‑1954 
composition to the composition of future forests in table 21 
were based on a combination of the replicate plot and size-class 
analyses presented in three previous tables. Forest changes 
from pre‑1954 to 1976 were calculated from the difference in 
FIs of the 1976 large canopy and 1976 canopy trees (table 16). 
The 1976 large canopy trees are the most representative 
group for pre‑1954 forest composition. Forest changes from 
1976 to 2004 were based on canopy trees in the replicate plot 
analysis in table 14, and the potential for future drying from 
2004 to 2085 was calculated from the difference between 
2004 canopy and subcanopy trees in table 17. The future forest 
canopy composition is estimated for 2085, because in that 



Table 21.  Change in forest composition from pre-1954 to 2085, calculated from Floodplain Indices of 1976 and 2004 
tree-size classes in forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the species composition (as determined by dominance) 
toward a drier forest type. Canopy includes trees ≥ 7.5 centimeter (cm) diameter at breast height (dbh); large canopy trees are is 
≥ 25 cm dbh; small canopy trees are < 25 and ≥ 7.5 cm dbh; subcanopy trees are < 7.5 and ≥ 2.5 cm dbh. FIs for canopy trees 
calculated from relative basal areas; for subcanopy trees, from relative density. Significant differences between tree-size classes 
were determined using Wilcoxon matched-pairs signed-ranks test. Details of statistical analyses are given in appendix 12. All 
values shown have a probability (p) < 0.1; with na, p ≥ 0.1 or the sample size ≤ 5. Hiblh, high bottomland hardwoods; Loblh, low 
bottomland hardwoods; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



Forest  
type



Reach



Change in composition to next drier forest type. in percent, for time periods associated  
with forest sampling groups



Pre-1954 to 1976  
(change from  



1976 large canopy to  
1976 canopy trees)



1976 to 2004 
(change from  



1976 canopy to  
2004 canopy trees)



2004 to 2085a  
(change from  



2004 canopy to  
2004 subcanopy trees)



Total from  
pre-1954 to 2085  



(change from  
1976 large canopy to  



2004 subcanopy trees)



    Hiblh



   UPPER na na na na



   MIDDLE na na na na



   LOWER na na na na



   All na na 15.9 15.9



    Loblh



   UPPER na na 51.9 51.9



   MIDDLE na na 39.3 39.3



   LOWER na na 39.9 39.9



   All na na 42.3 42.3



    Swamp



   UPPER na 7.9 42.1 50.0



   MIDDLE na na na na



   LOWER na na 27.3 27.3



   All na 8.8 28.9 37.7



    Reaches



   UPPER 4.0 5.0 36.0 45.0



   MIDDLE na na 23.3  23.3



   LOWER na na 33.7 33.7



   All 2.8 4.4 31.0 38.2
aIn 2085, the median age of surviving 2004 subcanopy trees will reach the median age (99 years) of the 2004 large  



canopy trees.
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year surviving 2004 subcanopy trees (with a median age of 18 
years) will reach the median age (99 years) of the 2004 large 
canopy trees. Trees with a median age of 99 years in 2085 
will dominate canopy composition by basal area. Assuming 
that recent hydrologic conditions continue, the 2085 canopy 
will probably have a FI similar to the 2004 subcanopy. Only 
changes in FIs that have a statistical significance of p < 0.100 
were included in table 21. Percent of change, significance 
values, and sample sizes for all forest groups are given in 
appendix 12. 



For all forest types and reaches combined, drying 
was significant in every time period (table 21). All forests 
combined were 2.8 percent drier when sampled in 1976 than 
they were before 1954. Replicate plots averaged 4.4 percent 
drier in 2004 than in 1976, resulting in a total difference of 
7.2 percent drier from pre‑1954 to 2004. The 2004 subcanopy 
trees in all forests were 31 percent drier than 2004 canopy 
trees. If the future forest composition becomes similar to that 
of the 2004 subcanopy, the total change in composition of all 
forests from pre‑1954 to 2085 is estimated to be 38.2 percent 
drier.



In every time period, FI differences for upper-reach 
forests were larger than those for all forests, with a total 
change from pre‑1954 to 2085 to 45 percent drier. None of 
the other subgroups had significant changes in all three time 
periods, probably because sample sizes in the two earliest 
periods were small.



Although FI differences in composition for most 
subgroups are significant only in the last time period 
(2004-2085), many of these changes will probably occur 
well before 2085. FI changes in the 2004 small canopy in 
table 17 (not shown in table 21) indicate that there is a highly 
significant difference (10.5 percent drier) between 2004 
small canopy and 2004 canopy for all forests combined, with 
significant drying in many subgroups. On average, about one-
third of the 31 percent total drying expected in the 2004-2085 
time period (table 21) will probably occur by 2050, the year 
when the 2004 small canopy trees will reach the age of 99, 
the median age of large canopy trees.



The overall change to drier hydrologic conditions in 
table 20 (70.4 percent) is much greater than the overall 
change to drier forest composition in table 21 (38.2 percent). 
This may have been caused, in part, by differences in calcula‑
tion methods. The total change in forest composition was 
calculated using the composition of the 2004 subcanopy trees 
which had an estimated median age of 18 years. But the time 
period for hydrologic analysis for 2004 subcanopy trees was 
limited to only 10 years (1995-2004), because the earliest 
hydrologic records were limited and all time periods associ‑
ated with tree-size classes needed to be comparable. Most of 
the subcanopy trees became established before 1995; there‑
fore, a younger generation of trees exists within the present 
subcanopy, which is probably drier in composition than the 
reported results.



Drying is expected to exceed 38 percent in the decades 
beyond 2085. The shift to drier hydrologic conditions has 
preceded the shift to drier forest composition. This result is 
expected, considering that forest change occurs gradually and 
that the composition of canopy trees may not fully reflect 
the new hydrologic conditions for many decades. Older, 
established trees with large root systems are able to survive 
some change in hydrologic conditions but will eventually be 
replaced by trees of drier species in the altered hydrologic 
regime. Overall forest composition could become 70 percent 
drier by the end of the century, especially if river levels 
continue to remain as low as they were in the 1995-2004 
period.



Ecological Effects of Altered Floodplain Forests



Trees are a dominant element in the ecological processes 
of forests. Changes in tree species composition will alter many 
complex relations that exist between trees and other forest 
organisms from large vertebrates to soil microorgan‑
isms. The degree to which these changes are occurring in 
Apalachicola River forests can be debated, because most of 
these relations are poorly understood in floodplain habitats; 
however, it can be assumed that the basic principles of food 
chain dynamics are operating in this relatively mature forest 
environment. Changes in the timing or quality of mast and 
fruit production, for example, will have an impact on the 
organisms that feed on them, such as mammals, birds, and 
insects. Changes in the timing of leaf-out, fruiting, and leaf-
drop of canopy trees will affect insect populations that are 
dependent upon canopy leaves, with consequences for bird 
populations that feed on canopy insects. Changes in the leaf 
litter and soil chemistry around the bases of trees will have 
consequences for insects and microorganisms in the topsoil 
and the macroinvertebrates that feed upon them directly or 
indirectly. 



These and other ecological effects are occurring to 
varying degrees in the Apalachicola River floodplain, because 
the present forest composition is significantly drier than it 
was in the past. In Hiblh forests, there has been an increase 
in species like water oak and American holly that can tolerate 
some inundation but are also well adapted to upland habitats. 
In Loblh forests, density changes illustrated in figure 14 
indicate that competition between Hiblh and Loblh species is 
increasing and that some Loblh forests will eventually become 
Hiblh forests. In swamps, the density of Loblh and Hiblh 
species has increased significantly (fig. 14), but water tupelo, 
Ogeechee tupelo, bald cypress, popash, and other swamp 
species have declined to such an extent that the overall density 
of canopy trees in swamps is significantly lower than it was in 
1976 (fig. 13).
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The significant decrease in canopy tree density in 
swamps may be the result of greater hydrologic variability 
in recent years. Hydrologic conditions have become 
substantially drier during periods of low and medium flows, 
which occur about 80 percent of the time. River levels 
have remained relatively unchanged, however, during large 
floods 2,830 m3/s (100,000 ft3/s) and greater that still occur 
about three times per decade. The overall effect is that the 
range in hydrologic conditions is greater, which intensifies 
the natural alternating cycles of tree colonization during 
droughts, followed by decimation of tree seedlings and 
saplings during floods. Drier species cannot fully replace 
the declining swamp species, and former swamps may be 
too dry for as many swamp trees to survive as in the past, 
with the result that fewer trees will grow to maturity in 
the lower elevations of the floodplain. A lower density of 
these canopy trees in swamps will result in increased light 
reaching the swamp floor, thereby encouraging a thicker 
growth of herbaceous plants, as already seen at many loca‑
tions in 2004. When ground-cover plants compete with tree 
seedlings for light and available soil moisture, successful 
forest replacement in swamps is further reduced. Similar 
impacts may be occurring to a lesser degree in Loblh 
forests, because declines were reported for both basal area 
and density in Loblh forests (fig. 13), although neither was 
statistically significant. 



The large loss in density in swamps could likely 
lead to future declines in biomass. Large trees are not 
gaining basal area in swamps (fig. 13), and their eventual 
replacements will come from the present small canopy 
and subcanopy, both of which are significantly less dense 
than the 1976 canopy. The ecological effects of declines 
in density or biomass are different than those described 
earlier for changes in species composition. A large decline 
in biomass would ultimately affect all organisms that have 
evolved with life cycles dependent on the normal structure 
of a swamp forest―closely spaced trees with a closed 
canopy and an inundated forest floor under heavy shade. 
A decrease in canopy cover would increase the amount of 
sunlight reaching swamp ground surfaces, causing soils 
to become dehydrated more frequently and leaf litter and 
other debris to decompose more quickly in the aerobic 
environment, thereby reducing the amount of organic mate‑
rial added to floodplain soils or transported downstream 
by floods. The temperature of inundated soils in swamps 
would be elevated by the loss of water and exposure to 
sunlight, further altering the microclimates for soil organ‑
isms on the swamp floor. In addition, the volume of forest 
litter is a function of tree biomass, which has historically 
been higher in swamps than in bottomland hardwood 
forests. The loss of litter from lower densities of swamps 
trees would result in a net loss of substrate for benthic 
organisms in the inundated areas of the floodplain and, 
ultimately, in the downstream receiving waters of the river 
and estuary.



Summary



The effect of water-level declines on floodplain forests 
is an important issue to be considered in resolving conflicts 
about water availability in the Apalachicola-Chattahoochee-
Flint basin. This study was conducted by the U.S. Geological 
Survey (USGS) with the cooperation of the Florida 
Department of Environmental Protection (FDEP) and the 
Northwest Florida Water Management District (NWFWMD) 
to assess changes that have occurred in forests in the nontidal 
floodplain of the Apalachicola River. 



Forest composition and field observations from two 
studies conducted in 1976-1979 (1976 data) and two addi‑
tional studies (1978-1984) were used as baseline data for 
comparison with data from plots sampled in 2004-2006 (2004 
data). Out of the 95 plots sampled in 2004, 71 were replicate 
plots that were located at the same, or as close as possible to, 
the location of 71 of the 181 plots sampled in 1976.



Rules for determining forest types were developed using 
a factor developed in this study named the Floodplain Species 
Category (FSC). FSCs were based on the habitat where tree 
species typically grew on the Apalachicola River floodplain in 
1976. FSC1 species were dominant in swamps; FSC2 species 
were dominant in low bottomland hardwood (Loblh) forests; 
FSC3 species were dominant in high bottomland hardwood 
(Hiblh) forests; and FSC4 species were atypical of bottomland 
hardwoods and grow in upland forests. Forest types deter‑
mined for 1976 forests were used to assign forest types to 
2004 plots.



 A Floodplain Index (FI), calculated from the relative 
dominance of tree species, was developed to quantify species 
composition of forest plots on a scale of relative dryness. 
FI values have a range from 1.000 (pure swamp) to 4.000 
(upland forests). A difference of + 0.500 in the FI was a 
change of 50 percent of the species composition toward the 
next drier forest type. FIs were used to compare the composi‑
tion of canopy trees on replicate plots and to compare tree-size 
classes within plots.



Water levels have declined in the Apalachicola River 
since 1954 as a result of both erosion of the river channel 
locally, and decreased spring and summer flows from the 
upstream watershed. Water-level declines have been most 
severe during drought conditions in April, May, July, and 
August. Water levels have not declined appreciably during 
large floods, which continue to occur as frequently as they did 
prior to 1954.



The inundation history at all plots was estimated based on 
river stages at transects where plots were sampled. Although 
several hydrologic parameters were computed, only one param‑
eter, flood duration in the growing season, was used to analyze 
hydrologic change in the forest, because all parameters were 
calculated from the same river-stage data and were highly corre‑
lated to each other. Flood durations calculated from river stage 
are reasonably accurate for actual conditions in bottomland 
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hardwood forests, but are not reliable for conditions in many 
swamps due to individual site characteristics. Observations at 
the Sweetwater transect in 1976 and 2004 indicated a general 
lowering of ponded water in swamps located there. Flood 
durations were calculated for all plots using five time periods 
associated with 1976 and 2004 tree-size classes. 



Species dominance in forest types based on basal area has 
changed less from 1976 to 2004 than dominance based on tree 
density. Several FSC3 species that were not dominant in 1976 
Loblh forests were dominant species by density in 2004. Water 
oak was a new dominant species by basal area and density in 
2004 Hiblh forests. 



There were 4.3 million (17 percent) fewer canopy trees in 
2004 than in the 1976 nontidal floodplain forest. The greater 
part of this loss was in swamp species (water tupelo, popash, 
Ogeechee tupelo, and bald cypress) which lost an estimated 
3.3 million trees. Large decreases in numbers of trees were 
estimated to be at least 19 percent for water tupelo, 38 percent 
for popash, and 44 percent for Ogeechee tupelo (the species 
valuable to the tupelo honey industry). 



American holly was the most frequently encountered 
species on 2004 forest plots that was not observed in 1976 
data. American holly is a bottomland hardwood tree that is 
generally found growing in the higher elevations of Hiblh 
forests on north Florida floodplains. Silverbell, a tree that 
grows in upland forests, and American snowbell, a small 
wetland tree that was formerly found only in the tidal 
floodplain of the Apalachicola River, were also new species 
in 2004 floodplain forests. 



The density of trees in swamps significantly decreased 
by 37 percent from 1976 to 2004. The loss of canopy cover in 
swamps may be responsible for an increase in ground cover. 
Some swamps that were known to be nearly bare of ground 
cover in 1976 were densely covered with grasses and sedges 
in 2004. When species in each forest type were grouped by 
FSCs, the changes in density from the 1976 canopy to the 2004 
canopy and subcanopy were significantly toward drier forest 
compositions in Loblh forests and swamps.



Growth, tree size, age, mortality, and recruitment for 
species and forest types were calculated from replicate plot 
data from thesis plots. The average growth rate of all species 
was 0.38 cm/yr. Mortality and recruitment rates between 1976 
and 2004 were approximately equal (1.3 percent per year). 
Four species dominant in Hiblh forests had higher recruitment 
rates in Loblh than in Hiblh forests.



Using FIs to represent composition, replicate plots were 
4.4 percent drier in 2004. Swamps were the most affected 
forest type and were 8.8 percent drier in 2004 than in 1976. 



At 21 plots sampled in 1976, the average FI value for 
canopy trees was significantly drier (2.8 percent) than the 
FI value for large canopy trees, indicating that forest composi‑
tion had become drier when sampled in 1976 than the forest 
composition was prior to 1954. On 2004 forest plots, small 
canopy trees averaged 10.5 percent drier and subcanopy trees 
averaged 31.0 percent drier than the canopy trees. Average 



differences between subcanopy trees and canopy trees were 
highly significant for all 2004 plots combined by reach or 
forest type.



Differences in FI values for tree-size classes on the 
Suwannee, Ochlockonee, Aucilla, and St. Marks, and Telogia 
floodplains suggest that forest composition also may be drying 
on other north Florida floodplains, but combined results from 
all five rivers were not statistically significant, and the amount 
of drying was less than that documented on the Apalachicola 
River floodplain. Differences in size classes on the Suwannee 
River plots were most similar to those on the Apalachicola 
River plots, which may indicate lower water levels in the 
Suwannee River.



Changes in flood durations toward the durations of the 
next drier forest type are substantial in all forest types in all 
reaches with every advancing time period. Total changes in 
flood durations were greatest in the upper reach and smallest 
in the lower reach. At sampled plots in all forest types and 
reaches combined, flood durations changed an average of 70.4 
percent toward the flood duration of the next drier forest type. 



Forest composition changes from pre‑1954 to 1976 
were calculated from the difference in FIs between the 1976 
canopy and 1976 large canopy trees, which represented the 
pre‑1954 canopy composition. The change from 1976 to 2004 
was based on the difference between FIs of canopy trees at 
replicated plots, and the potential composition of future forests 
in 2085 – the year in which the median age of surviving 2004 
subcanopy trees will reach the median age (99 years) of the 
2004 large canopy trees – was estimated from the composition 
of 2004 subcanopy trees. 



Floodplain forests are expected to average 38.2 drier in 
species composition by 2085 compared with the pre‑1954 
period. FI differences (45.0 percent) were larger for upper-
reach forests than those for any other reach or all forests 
combined. The shift to drier hydrologic conditions has 
preceded the shift to drier forest compositions, and forest 
composition is expected to be more than 38 percent drier in 
the decades beyond 2085. 



Drier Hiblh forests will support species like water oak 
and American holly that are able to survive flooding but are 
well adapted to upland habitats. The competition between 
Hiblh and Loblh species will increase in drier Loblh forests 
and some will become Hiblh forests. The altered species 
composition in drier floodplain forests will alter the timing 
of leaf-out, fruiting, and leaf-drop, and this change will 
have consequences for mammals, birds, and invertebrates 
in floodplains. In swamps there will be some increase in the 
proportion of Loblh and Hiblh species, but the overall density 
of trees will be much less than it was in 1976. 



The large decrease in canopy tree density in swamps may 
be the result of greater hydrologic variability in recent years. 
Conditions have become substantially drier during periods 
of low and medium flows, which occur about 80 percent of 
the time, but river levels are relatively unchanged during 
large floods. Swamp tree species have declined, but drier 
species cannot dependably survive large floods. The decrease 
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in tree density will result in an increase in light on the forest 
floor, thereby encouraging a thicker growth of ground-cover 
plants which, in turn, will further reduce the success of forest 
replacement.



Lower tree density in swamps could lead to future 
declines in tree and leaf litter biomass. Declines in biomass 
would ultimately affect all organisms that have evolved with 
life cycles that are dependent on the normal structure of the 
swamp forests. A decrease in canopy cover would expose 
the swamp floor to light, thereby increasing evaporation 
from the soil, and speeding up the decomposition of leaf 
litter. The temperature of swamp soils would be higher, 
altering microclimates for soil organisms. The decrease in 
leaf litter would result in a net loss of substrate for benthic 
organisms in the floodplain, and ultimately, in the downstream 
waters of the river and estuary.
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Glossary 



Basal area is the average sum of the cross-sectional areas of 
tree trunks for plots or species in a forest type. Cross-sectional 
area is calculated from diameter at breast height (dbh), in 
centimeters, using the formula, area = πr2, where π = 3.1416 
and r = dbh/2. (See relative basal area.) 



Bottomland hardwoods are forests on levees, flats, and 
slopes of floodplains that are flooded continuously for several 
weeks or longer every 1-2 years and contain species adapted 
to periodic inundation and saturation. 



Low bottomland hardwood (Loblh) forests grow on low 
flats and in transition areas between swamps and high flats or 
levees where continuous flooding averages 2 to 4 months per 
year. Loblh is a forest type, defined in this report as having 
dominance (as determined by relative basal area) of FSC1 and 
FSC2 species > dominance of FSC3 and FSC4 species and 
dominance of FSC1 species < 50%.



High bottomland hardwood (Hiblh) forests grow on the 
higher elevations of the floodplain (levees and ridges) that are 
usually inundated for 2 to 6 weeks each year. Hiblh is a forest 
type, defined in this report as having dominance (as deter‑
mined by relative basal area) of FSC3 and FSC4 species 
> dominance of FSC1 and FSC2 species and dominance of 
FSC4 species < 50%.



Cruise transects are floodplain sites where forest composition 
data was gathered by Leitman and others (1984) using cruise-
sampling methods that were originally developed to enable 
timber cruisers to rapidly assess the overall condition of large 
forest stands by sampling at many points (Kulow, 1965; Avery, 
1967). (See intensive plots.) 



Density is the number of individual trees per unit of sampling 
area and in this report is expressed in trees per hectare. (See 
relative density.)



Diameter at breast height (dbh) is the diameter of a tree 
trunk measured at about 1.4 meter above ground level. 
The dbh of trees with swollen bases were measured for 
diameter above the swelling.



Floodplain is the land covered by water from the river during 
a typical annual flood.
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Floodplain Index (FI) is the sum of the products of the 
relative basal area of species (or relative density) and their 
Floodplain Species Categories. FIs were developed in this 
study to classify forest data on a scale of relative dryness from 
pure swamp (1.000) to pure upland (4.000).



Floodplain Species Categories (FSC) are categories devel‑
oped in this study and assigned to tree species to indicate the 
typical habitat where the species grew on the Apalachicola 
River floodplain during 1976-1979. FSC1 species were more 
dominant in swamps; FSC2 species, in low bottomland 
hardwoods; FSC3 species, in high bottomland hardwoods; 
and FSC4 species were atypical in bottomland hardwoods and 
occur in upland habitats outside the floodplain. 



Gage refers to a long-term streamflow gaging station where a 
time-series of stage measurements (elevation of river surface) 
have been recorded, and measurements of instantaneous 
streamflow discharge may have been made. 



Geographic Information system (GIS) is a collection of 
computer software and data files designed to store, analyze, 
and display geographically referenced information.



1976 forest data refers to data collected from 1976 to 1979 in 
two studies conducted on the Apalachicola River floodplain.



2004 forest data refers to data collected during the current 
study from 2004 to 2006 in the Apalachicola River floodplain. 



Intensive plots are floodplain sites where forests were 
sampled using standard plot-sampling methods to quantify 
forest composition in more detail than is possible using cruise-
sampling methods. (See cruise transects.) 



Reach refers to a length-subdivision of the Apalachicola River 
(figure 2). 



Relative basal area (rba) is the percentage of dominance of 
a species in a forest type or sampling area based on basal area. 
It is calculated by dividing the total basal area of that species 
by the total basal area of all species in that forest type or 
sampling plot. (See basal area.)



Relative density (rd) is the percentage dominance of a 
species in a forest type or sampling area based on density. It is 
calculated by dividing the total density of that species by the 
total density of all species in that forest type or sampling plot. 
(See density.)



Replicate plot is a plot sampled in 1976 that was resampled in 
2004 by locating the 2004 plot on the exact site, as nearly as 
possible, as the 1976 site location. 



River mile (rm) refers to a reference frame based on distances 
along the river channel. In this report, river mile values are 
those depicted on the most recent USGS quadrangle maps that 
were available in 2005. River mile distances are similar to, 
but not exactly the same as, the most recent navigation mile 
system used by USACE. Slight differences in distance refer‑
ence frames are to be expected, because the river moves and 
changes length through time in response to various processes, 
both natural and anthropogenic.



 Swamps are forests in the lowest elevations of the flood‑
plain that are either inundated or saturated most of the time. 
Swamps contain tree species that have special adaptations for 
survival in anoxic soils. Swamp is also a forest type, defined 
in this report as having dominance (as determined by relative 
basal area) of FSC1 species ≥ 50 percent.



Tree-size classes are trees grouped by diameter at breast 
height (dbh). Trees in this study have been grouped by their 
dbh into two principal groups: 



Canopy trees are all trees with dbh ≥ 7.5 cm.
The upper reach begins just below Jim Woodruff 
Dam at rm 106.4 and extends about 47 km down‑
stream to a streamflow gaging station located near 
Blountstown at rm 77.5. 



The middle reach is the longest reach, about 58 km 
long, ending at a gage near Wewahitchka at rm 41.8. 



The nontidal lower reach is the shortest reach, 
about 34 km long, and ends at a gage near Sumatra 
at rm 20.6. The tidal reach of the river is not 
discussed in this report.



Subcanopy trees are trees with dbh < 7.5 and  
≥ 2.5 cm.



The canopy size class is further subdivided into two  
size classes:



Large canopy trees are trees with dbh ≥ 25 cm.



Small canopy trees are trees with dbh < 25 and 
≥ 7.5 cm.



Water-level decline (or river level decline) is a term refer‑
ring to changing conditions when periods of low water 
levels become more frequent and longer in duration. Such 
declines may result from some type of channel change, which 
usually occurs over a period of years. Another type of water-
level decline refers to a long-term decrease in the amount of 
water delivered from the upstream watershed. 
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Appendix 1. List of common and scientific names and Floodplain Species Categories for 
selected tree species in forests of the nontidal Apalachicola River floodplain, Florida.
[All tree species sampled in the 1976 and 2004 data sets are listed. At least ten additional species not 
included in this list occur on the Apalachicola River floodplain. Plant nomenclature follows Godfrey 
(1988) unless otherwise indicated. Floodplain Species Categories are based on the typical forest 
association for the species in 1976 data. Atypical blh-upl, uncommon in bottomland hardwoods of 
the 1976 floodplain and occurring in upland habitats outside the floodplain; Hiblh, high bottomland 
hardwoods; Loblh, low bottomland hardwoods]



Common name Scientific name
Floodplain species category



Numeric value Category explanation



American elm Ulmus americana 2 Loblh
American holly Ilex opaca 3 Hiblh
American snowbell Styrax americanum 2 Loblh
bald cypress Taxodium distichum 1 swamp
bitternut hickory Carya cordiformis 3 Hiblh
black tupelo Nyssa sylvatica 4 Atypical blh-upl
black walnut Juglans nigra 4 Atypical blh-upl
black willow Salix nigra 1 swamp
box elder Acer negundo 3 Hiblh
buckthorn bumelia Bumelia lycioides 3 Hiblh
buttonbush Cephalanthus occidentalis 1 swamp
cherry laurel Prunus caroliniana 4 Atypical blh-upl
cherrybark oak Quercus pagoda 3 Hiblh
chinaberry Melia azedarach 4 Atypical blh-upl
Chinese tallow tree Sapium sebiferum 3 Hiblh
elderberry Sambucus canadensis 3 Hiblh
green ash Fraxinus pennsylvanica 2 Loblh
green haw Crataegus viridis 2 Loblh
hackberry Celtis laevigata 3 Hiblh
hazel alder Alnus serrulata 2 Loblh
ironwood Carpinus caroliniana 3 Hiblh
laurel oak Quercus hemispherica 4 Atypical blh-upl
loblolly pine Pinus taeda 4 Atypical blh-upl
mockernut hickory Carya tomentosa 4 Atypical blh-upl
Ogeeche tupelo Nyssa ogeche 1 swamp
overcup oak Quercus lyrata 2 Loblh
persimmon Diospyros virginiana 3 Hiblh
pignut hickory Carya glabra 4 Atypical blh-upl
planer tree Planera aquatica 1 swamp
popash Fraxinus caroliniana 1 swamp
possum haw Ilex decidua 3 Hiblh
red maple Acer rubrum 2 Loblh blh
red mulberry Morus rubra 3 Hiblh
river birch Betula nigra 2 Loblh
sarvis holly Ilex amelanchier 1 swamp
silverbell Halesia diptera 4 Atypical blh-upl
slippery elm Ulmus rubra 4 Atypical blh-upl
southern magnolia Magnolia grandiflora 4 Atypical blh-upl
spruce pine Pinus glabra 3 Hiblh
stiffcornel dogwood Cornus foemina 2 Loblh
swamp chestnut oak Quercus michauxii 3 Hiblh
swamp cottonwood Populus heterophylla 1 swamp
swamp laurel oak Quercus laurifolia 2 Loblh
swamp privet Forestiera acuminata 2 Loblh
swamp laurel oak Quercus laurifolia 2 Loblh
swamp privet Forestiera acuminata 2 Loblh
swamp tupelo Nyssa biflora a 1 swamp
sweetbay Magnolia virginiana 3 Hiblh
sweetgum Liquidambar styraciflua 3 Hiblh
sycamore Platanus occidentalis 3 Hiblh
water hickory Carya aquatica 2 Loblh
water locust Gleditsia aquatica 2 Loblh
water oak Quercus nigra 3 Hiblh
water tupelo Nyssa aquatica 1 swamp
white titi Cyrilla racemiflora 3 Hiblh
winged elm Ulmus alata 4 Atypical blh-upl
winterberry Ilex verticillata 2 Loblh



a Clewell (1985).
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Appendix 2. Weighting factors for forest composition on the Apalachicola River floodplain, Florida.



[Areas were derived from a digitized and edited GIS version of a floodplain map created by Leitman (1984), in which Hiblh and 
Loblh forest types were not separately delineated. The areas of Hiblh and Loblh in the upper and lower reaches were calculated using 
ratios based on the redetermined 1976 forest types of plots on cruise transects (Leitman and others, 1984). In the lower reach, the ratio 
was based on 1976 forest types assigned to plots on the Eichholz transects in the current study. ha, hectares; Hiblh, high bottomland 
hardwoods; Loblh; low bottomland hardwoods]



Reach
Area of Forest Type, in ha Weighting Factors for Forest Types in each  



Reach, in percent a



Hiblh Loblh Swamp Total Hiblh Loblh Swamp



       Upper 3,710 1,370 1,612 6,691 42.3 9.2 17.0



       Middle 4,040 8,080 1,880 14,001 46.1 54.3 19.8



       Lower 1,020 5,430 6,010 12,455 11.6 36.5 63.2



                  Total 8,770 14,880 9,502 33,147      



a The weighting factors used for 1976 Hiblh data were 42.3 percent for the upper reach and 57.7 percent for the middle reach, 
because there was no data on Hiblh forests in the lower reach, and lower reach Hiblh forests were more similar in species composi-
tion to Hiblh in the middle reach than to those in the upper reach.
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David


Sticky Note


upper reach swamps are perched and get drainage from seepage from steep bluffs see fig 11
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Appendix 3.  Extrapolated ages of canopy trees in 2004 at the thesis transects in the Apalachicola 
River floodplain, Florida.



[Ages of individual trees were extrapolated from the average growth rates for the species and the diameter at breast 
height. Species are listed in order by increasing average age. Ages were limited to a maximum of 360 years, the 
calculated age of the largest tree on the thesis transects. Growth rate descriptions are from table 4. Scientific names 
of species are listed in appendix 1]



Species Sample  
size



General description  
of growth rate



Maximum  
age, in years



Minimum  
age, in years



Average  
age, in years



swamp laurel oak 61 fast 138 18 53



sycamore 7 fast 112 18 63



Ogeechee tupelo 42 average 182 26 65



overcup oak 54 above average 205 23 66



water locust 12 average 130 32 68



winged elm 9 below average 101 47 69



water hickory 58 above average 167 21 71



water tupelo 25 fast 137 30 75



red maple 25 below average 153 35 76



green ash 42 fast 162 23 77



ironwood 48 below average 170 42 77



sweetgum 79 above average 191 23 81



American elm 21 average 166 31 86



hackberry 62 below average 202 33 91



popash 16 slow    151 47 95



planer tree 44 slow 173 57 95



bald cypress 26 above average 360 26 108



river birch 2 above average 150 80 115



box elder 8 slow 234 61 135



green haw 21 slow 265 124 170



possum haw 35 slow 360 205 270



persimmon 4 slow 360 263 331



Total 701        



Maximum age -------------------------------------------------------- 360    



Minimum age ------------------------------------------------------------------------------- 18  



Average age ------------------------------------------------------------------------------------------------------ 92
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Appendix 4.   Number of days of missing record, years during which missing records occurred, and methods of estimating missing 
records from October 1, 1922, to December 31, 2004, at five streamflow gaging stations in the Apalachicola River, Florida.



[All stage-discharge relations referred to in this appendix, except those at the Chattahoochee gage, are nonstandard relations in which stage 
at a downstream gage was related to discharge at the upstream-most gage at Chattahoochee. The stage-discharge relations and associated 
error statistics for these relations are reported in appendixes I-V and table 5 in Light and others (2006).  Most of these relations required some 
modification at the low end [below 283 m3/s (10,000 ft3/s)] to extend the relations down to flows lower than 142 m3/s (5,000 ft3/s), which was 
necessary for the estimation methods described in this appendix. rm, river mile]



Short names for streamflow gaging stations:



Chattahoochee gage – Apalachicola River at Chattahoochee (02358000) at rm 105.7•	



Blountstown gage – Apalachicola River near Blountstown (02358700) at rm 77.5•	



Wewahitchka gage – Apalachicola River near Wewahitchka (02358754) at rm 41.8•	



RM 36 gage – Apalachicola River at River Mile 36 (023587547) at rm 36.0 •	
Note: Stage records were not reconstructed for the RM 36 gage, although data from that gage were used when 
available to reconstruct stage data at nearby gages.



RM 35 gage – Apalachicola River at River Mile 35 (023587549) at rm 35.3•	



Sumatra gage – Apalachicola River near Sumatra (02359170) at rm 20.6•	



Definition of terms:



Pre-dam relation – pre-dam (pre-1954) stage-discharge relation for the indicated gage modified from •	
appendixes I-V in Light and others (2006).



Recent relation – recent (1995-2004) stage-discharge relation for the indicated gage modified from appendixes •	
I-V in Light and others (2006).



Intervening period – the period during which channel conditions were intermediate between pre-dam and •	
recent conditions (varies with each gage). 



Blount-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the Blountstown gage.•	



Wewa-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the Wewahitchka gage.•	



RM 36-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the RM 36 gage.•	



RM 35-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the RM 35 gage.•	



Suma-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the Sumatra gage.•	



Discharge at Chattahoochee gage 



2,192 total days of missing record, all in 1923-28  
Stage at the Chattahoochee gage was converted to discharge using the pre-dam stage-discharge relation at 
Chattahoochee.   



Stage at Chattahoochee gage 



159 total days of missing record: 75 days in 1923-25, and 84 days in 1994-2004 
Fortunately, stage data was available at the Blountstown gage for all days of missing stage record at the 
Chattahoochee gage. For missing record in the 1923-25 period, Blountstown stage (1 day later) was converted 
to Blount-ChattQ using the pre-dam relation at Blountstown. For missing record during the 1994-2004 period,  
Blountstown stage (1 day later) was converted to Blount-ChattQ using the recent relation at Blountstown. The 
resulting Blount-ChattQ values were then converted to Chattahoochee daily mean stage using either the pre-dam 
or recent relation at the Chattahoochee gage, as appropriate.
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Stage at Blountstown gage 



716 total days of missing record: 75 days in 1925-28, 46 days in 1956, 38 days in 1963-65, and 557 days in 1981-95 
Pre-dam period: Chattahoochee discharge (1 day earlier) was converted to Blountstown stage using the pre-



dam relation at Blountstown. 
Intervening period (1954-72): For missing record in 1956, linear interpolation (based on river miles) was 



used between Chattahoochee discharge (1-day earlier) and Wewa-ChattQ (1 day later). The resulting 
discharge was converted to two Blountstown stage values using the pre-dam and recent relations, and the 
final Blountstown stage was estimated between those two stages based on the date elapsed since May 1, 
1954 (the end of the pre-dam period) and proportions developed from the general timing of stage declines 
at 283 m3/s (10,000 ft3/s) as depicted in figure 5 in Light and others (2006). A similar method was used 
for estimating stage values for missing record in 1963-65, except that calculations were based only on 
Chattahoochee discharge (1 day earlier) because Wewahitchka data was not available.



Recent period: Figure 5 in Light and others (2006) indicates that conditions at the Blountstown gage were 
similar to recent conditions as far back as 1972. Thus the recent relation was used to estimate stages at 
the Blountstown gage throughout the 1972-2004 period. Missing stage records in 1981-95 were estimated 
using Chattahoochee discharge (1 day earlier) converted to Blountstown stage using the recent relation at 
Blountstown. (Wewahitchka data was not available for any of those days.)



Stage at Wewahitchka gage 



19,080 total days of missing record: 12,053 days (all days) prior to October 18, 1955; 49 days in 1956-57; 5,759 
days in 1957-94; and 1,219 days in 1995-2004



Pre-dam period: Conditions were considered similar to pre-dam for all dates up through 1957 at the 
Wewahitchka gage (Light and others, 2004). For estimated record during 1922-57, Blount-ChattQ (1 day 
earlier) was converted to Wewahitchka stage using the pre-dam relation at Wewahitchka, except on dates 
when stage data was available at the Sumatra gage. When Sumatra data was available, linear interpolation 
(based on river miles) between Blount-ChattQ (1 day earlier) and Suma-ChattQ (1 day later) was used to 
estimate Wewa-ChattQ, which was then converted to Wewahitchka stage using the pre-dam relation at the 
Wewahitchka gage.



Intervening period (1958-94): When Sumatra data was available, linear interpolation between Blount-
ChattQ (1 day earlier) and Suma-ChattQ (1 day later) was used to estimate Wewa-ChattQ, which was then 
converted into two Wewahitchka stage values using the pre-dam and recent relations at the Wewahitchka 
gage. The final Wewahitchka stage was estimated between those two stages based on the date elapsed since 
October 1, 1957 (the end of the pre-dam period for Wewahitchka) and proportions developed from the 
general timing of stage changes at 283 m3/s (10,000 ft3/s) as depicted in figure 5 in Light and others (2006). 
In some cases, calculations were based only on Blount-ChattQ (1 day earlier) because Sumatra data was not 
available. In 1992-94, calculations were based directly on RM 36-ChattQ (same day) when it was available, 
because it is much closer to the Wewahitchka gage than either Blountstown or Sumatra. 



Recent period: Missing records in 1995-2004 were estimated using RM 35-ChattQ or RM 36-ChattQ (same 
day), which was converted to Wewahitchka stage using the recent stage-discharge relation. When RM 35 or 
36 data was not available, calculations used either linear interpolation between Blount-ChattQ and Suma-
ChattQ, or if Sumatra was not available, Blount-ChattQ alone.



Stage at RM 35 gage 



26,346 total days of missing record: 25,202 days (all days) prior to October 1, 1991; and 1,144 days in 1992-2004



Pre-dam period: All dates up through 1957 were considered pre-dam at the RM 35 gage (same as at 
Wewahitchka). For missing record during 1922-57, Blount-ChattQ (1 day earlier) was converted to RM 
35 stage using the pre-dam relation at RM 35, except on dates when stage data was available at either the 
Wewahitchka or Sumatra gages. Wewa-ChattQ was used directly when Wewahitchka data was available, 
and when Sumatra data was available (but not Wewahitchka), the calculation was based on linear 
interpolation between Blount-ChattQ (1 day earlier) and Suma-ChattQ (1 day later).
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Intervening period (1958-80): Firstly, RM35-ChattQ was estimated using one of three methods: 1) When 
Wewahitchka stage data was available, Wewa-ChattQ (same-day) was used directly. 2) When Sumatra 
data was available (but not Wewahitchka), linear interpolation between Blount-ChattQ (1 day earlier) and 
Suma-ChattQ (1 day later) was used. 3) When the only data available was at Blountstown, Blount-ChattQ 
(1 day earlier) was used directly. In the next step, the resulting RM 35-ChattQ was converted into two RM 
35 stages using the pre-dam and recent relations at the RM 35 gage. Lastly, the final RM 35 stage was 
estimated between those two stages based on the date elapsed since October 1, 1957, (the end of the pre-
dam period for RM 35) and proportions developed from a straight-line decline of stages at 283 m3/s (10,000 
ft3/s) from pre-dam conditions to the recent condition beginning in October 1, 1980. 



Recent period: Records at the RM 35 and 36 gages were not available prior to 1992, however, stage-discharge 
relations from the USACE (2001) indicated that conditions similar to those in the recent period extended 
as far back as 1981. Missing record from 1981-2004 were estimated using Wewa-ChattQ (same day) which 
was converted to RM 35 stage using the recent relation at the RM 35 gage. When Wewahitchka data was 
not available, linear interpolation between Blount-ChattQ (1 day earlier) and Suma-ChattQ (1 day later) 
was used, or Blount-ChattQ only when Sumatra data was not available. 



Stage at Sumatra gage



17,277 total days of missing record: 10,084 days (all days) prior to May 11, 1950; 283 days in 1951-56; 6,545 days 
(all days) from October 1, 1959 to August 31, 1977; and 365 days from 1982-2003. 



There was little difference in pre-dam and recent channel conditions at the Sumatra gage, so the stage-discharge 
relation at Sumatra covers the entire period of record. This “period-of-record” relation was used to convert 
Blount-ChattQ (2 days earlier) to Sumatra stage, except on dates when stage data was available at either the 
Wewahitchka, RM 36, or RM 35 gages. In that case, the associated Chattahoochee discharge (Wewa-ChattQ, 
RM 36-ChattQ, or RM 35-ChattQ; 1 day earlier) for the gage that was closest to Sumatra was used to calculate 
Sumatra stage. 
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Appendix 5.   Methods used to estimate stage records from October 1, 1922, to December 31, 2004, in the Apalachicola River, Florida, at 
12 forest transect locations.



[Stage-discharge relations referred to in this appendix are nonstandard relations in which stage at the indicated transect was related to discharge at the upstream-
most gage at Chattahoochee. The stage-discharge relations for these relations are reported in digital files on the CD in the map pocket of Light and others (2006).  
These relations required some modification at the low end (below 283 m3/s (10,000 ft3/s)) to extend the relations down to flows lower than 142 m3/s (5,000 ft3/s), 
which was necessary for the estimation methods described in this appendix. rm, river mile; km, kilometer]



Definition of terms:



Type 1 interpolation -- Linear interpolation (based on river miles) between closest upstream gage (same day) •	
and closest downstream gage (1 day later).



Type 2 interpolation -- Linear interpolation (based on river miles) between closest upstream gage (1 day •	
earlier) and closest downstream gage (same day).



Type 3 interpolation -- Linear interpolation (based on river miles) between closest upstream gage (same day) •	
and closest downstream gage (same day).



Blount-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the Blountstown gage.•	



BLT-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the BLT transect.•	



MR-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the MR transect.•	



PL-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the PL transect.•	



Wewa-ChattQ -- Discharge at the Chattahoochee gage associated with a given stage at the Wewahitchka gage.•	



Pre-dam relation – pre-dam (pre-1954) stage-discharge relation for the indicated transect modified from Light •	
and others (2006).



Recent relation -- recent (1995-2004) stage-discharge relation for the indicated transect modified from Light •	
and others (2006).



Intervening period -- the period during which channel conditions were intermediate between pre-dam and •	
recent conditions. 



CH transect (rm 104.8) stage was estimated using Type 1 interpolation between stage at the Chattahoochee and 
Blountstown gages.  



TO transect (rm 93.2) stage was estimated using Type 1 interpolation between stage at the Chattahoochee and 
Blountstown gages.  



SE transect (rm 85.8) stage was estimated using Type 2 interpolation between stage at the Chattahoochee and 
Blountstown gages.  



BLT transect (rm 78.9) stage was estimated using Type 2 interpolation between stage at the Chattahoochee and 
Blountstown gages, except during the recent period (1995-2004) during which Type 2 interpolation between 
Chattahoochee discharge and Blount-ChattQ was used to estimate BLT-ChattQ, which was then converted into BLT 
stage using the recent relation for rm 78.9. 



OR transect (rm 72.4) stage was estimated using Type 1 interpolation between stage at the Blountstown and 
Wewahitchka gages. 



MR transect (rm 60.9) stages could not be estimated directly from linear interpolation between Blountstown and 
Wewahitchka stages because water-surface profiles in figure 9 of Light and others (2006) indicates that water 
surfaces at MR differ from those that would be expected with linear interpolation. Thus, MR stages were estimated 
as follows: 



MR-ChattQ was estimated by averaging Type 1 and Type 2 interpolations between Blount-ChattQ and Wewa-•	
ChattQ (because MR is approximately half way between the Blountstown and Wewahitchka gages).  



Timing of the pre-dam, intervening, and recent periods was estimated based on two assumptions: Stage •	
decline at MR was assumed to begin about the same time as at the Wewahitchka gage (which was several 
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years later than it began at Blountstown and Chattahoochee) because MR is downstream of rm 66 (the 
probable downstream limit of the influence of the dam). It was also assumed that stages at MR did not decline 
below recent levels as they did at the Wewahitchka gage after 1971, thus recent conditions at MR were 
assumed from December 1971 through 2004.



Prior to October 1, 1957, MR-ChattQ was converted to MR stage using the pre-dam relation for rm 60.9.  •	
After December 18, 1971, MR-ChattQ was converted to MR stage using the recent relation for rm 60.9.  In 
the intervening period, MR-ChattQ was converted to two stages (pre-dam and recent) and the final MR stage 
was estimated between those two stages based on the date elapsed since October 1, 1957, and proportions 
developed from a straight-line decline of stages at 283 m3/s (10,000 ft3/s) from pre-dam conditions ending 
October 1957 to the recent conditions beginning in December 1971.  



PL transect (rm 48.8) stage could not be estimated directly from linear interpolation (for the same reason as for 
MR stage) and, therefore, was estimated as follows: 



PL-ChattQ was estimated using Type 2 interpolation between Blount-ChattQ and Wewa-ChattQ. •	



Timing of the pre-dam, intervening, and recent periods was assumed to be the same as at MR transect (for the •	
same reasons).



Prior to October 1, 1957, PL-ChattQ was converted to PL stage using the pre-dam relation for rm 48.8.  •	
After December 18, 1971, PL-ChattQ was converted to PL stage using the recent relation for rm 48.8.  In 
the intervening period, PL-ChattQ was converted to two stages (pre-dam and recent) and the final PL stage 
was estimated between those two stages based on the date elapsed since October 1, 1957, and proportions 
developed from a straight-line decline of stages at 283 m3/s (10,000 ft3/s) from pre-dam conditions ending 
October 1957 to the recent conditions beginning in December 1971.  



WEW transect (rm 41.9) stage was estimated using Type 2 interpolation between stage at the Blountstown and 
Wewahitchka gages.  



EA transect (rm 41.2) stage was estimated using Type 3 interpolation between stage at the Wewahitchka and RM 35 
gages.  



EB transect (rm 40.5) stage was estimated using Type 3 interpolation between stage at the Wewahitchka and RM 35 
gages.  



EC transect (rm 35.0) stage was estimated using Type 1 interpolation between stage at the RM 35 and Sumatra 
gages.  



BR transect (rm 19.8) is located 1.3 km downstream of the Sumatra gage, and there are no other gages downstream 
of Sumatra. Water-surface slope in the 1.3 km from rm 20.6 (Sumatra gage) downstream to rm 19.8 (BR transect) 
was assumed to be the same slope as in the 1.3 km immediately upstream of Sumatra gage (from rm 21.4 to 20.6). 
Using this assumption, BR stage was estimated as follows:



Stage at rm 21.4 was estimated using Type 2 interpolation between stage at the RM 35 and Sumatra gages. •	



Sumatra stage was subtracted from the stage at rm 21.4, and the resulting difference was then subtracted from •	
Sumatra stage to yield the estimated stage at BR transect.
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Appendix 6.  Relative basal area of tree species in forests of the Apalachicola River floodplain, Florida.



[Relative basal area (rba) was weighted by the percent of area of each forest type in each reach. The sum of the rba of the 
most dominant species (in bold) is greater than 50 percent. Species are sorted by dominance in the combined 1976 data. 
Scientific names of species are listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; m2/ha, 
square meters per hectare; na, not applicable]



Species
Floodplain  



species  
category



Relative basal area, in percent



1976 data



2004 dataARQA cruise-
transect  data



Thesis and ARQA 
intensive-plot data



Combined  
1976 data



A. High bottomland hardwoods
sweetgum 3 29.1 50.3 34.5 32.1
hackberry 3 17.5 9.8 15.6 12.5
ironwood 3 10.6 1.6 8.4 4.3
water oak 3 10.4 0.8 8.0 11.2
green ash 2 4.9 12.3 7.2 4.5
swamp laurel oak 2 3.7 3.5 3.8 3.4
American elm 2 3.8 1.7 3.6 6.9
possum haw 3 2.9 1.7 3.0 0.6
swamp chestnut oak 3 2.9   2.7 1.1
water hickory 2 2.0 6.8 2.6 4.9
sycamore 3 2.6 4.4 2.4 2.3
box elder 3 1.8 1.7 2.0 2.5
swamp privet 2 1.2 0.2 1.2  
overcup oak 2 0.9 1.4 1.1 1.3
red maple 2 0.7 1.3 0.8 0.7
red mulberry 3 0.9 0.3 0.5 0.3
Chinaberry 4 0.5 1.1 0.5 0.7
winged elm 4 0.7 0.2 0.4 2.0
pagoda oak 3 0.6   0.3  
green haw 2 0.4 0.3 0.2 0.1
swamp tupelo 1 0.4   0.2 1.7
spruce pine 3 0.4   0.2  
bald cypress 1 0.3   0.1  
black tupelo 4 0.3   0.1  
slippery elm 4 0.3   0.1 0.3
buckthorn bumelia 3 0.2   0.1 0.1
loblolly pine 4 0.2   0.1  
persimmon 3   0.3 0.1 0.8
river birch 2   0.2 0.05 0.8
black walnut 4   0.1 0.02  
American holly 3       2.4
bitternut hickory 3       1.6
Southern magnolia 4       0.3
silverbell 4       0.3
planer tree 1       0.1
Ogeechee tupelo 1       0.1
Chinese tallow tree 3       0.03
cherry laurel 4       0.02
popash 1       0.02



Total 100.0 100.0 100.0 100.0



Average total basal area, in m2/ha 26.4 28.1 27.0 28.5
Number of canopy trees sampled 352 283 635 671



Total area sampled, in ha na 0.49 na 1.22



Number of species 27 21 30 30
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Species
Floodplain  



species  
category



Relative basal area, in percent



1976 data



2004 dataARQA cruise-
transect  data



Thesis and ARQA 
intensive-plot data



Combined  
1976 data



B. Low bottomland hardwoods
water hickory 2 9.9 27.5 18.3 19.1
overcup oak 2 19.1 9.0 14.3 11.5
swamp laurel oak 2 6.5 16.5 11.2 11.3
green ash 2 10.0 11.9 10.9 9.3
American elm 2 11.0 3.4 7.4 7.2
river birch 2 9.4 3.6 6.6 4.6
Ogeechee tupelo 1 8.1 3.3 5.8 5.6
sweetgum 3 6.3 3.3 4.9 6.9
hackberry 3 3.2 4.2 3.7 4.6
water tupelo 1 4.3 1.2 2.8 4.5
ironwood 3 2.5 2.7 2.6 1.7
red maple 2 2.5 1.2 1.9 2.7
bald cypress 1 0.9 2.3 1.5 3.0
water oak 3 1.1 1.6 1.3 0.3
black willow 1   2.4 1.1  
popash 1 1.4 0.9 1.1 0.7
planer tree 1 0.5 1.8 1.1 1.0
water locust 2 0.3 1.1 0.7 1.9
possum haw 3 0.1 0.9 0.5 0.9
sycamore 3 0.5 0.4 0.4 0.9
green haw 2 0.4 0.3 0.4 0.1
box elder 3 0.4 0.1 0.3 0.6
laurel oak 4 0.1 0.5 0.3  
swamp cottonwood 1 0.5   0.3 0.8
swamp chestnut oak 3 0.3   0.2  
swamp privet 2 0.2 0.1 0.1 0.1
persimmon 3 0.1 0.03 0.1 0.3
swamp tupelo 1 0.1   0.1  
black tupelo 4 0.1   0.05  
buttonbush 1   0.001 0.001 0.3
sweetbay 3       0.1
red mulberry 3       0.1
stiffcornel dogwood 2       0.03



Total 100.0 100.0 100.0 100.0
Average total basal area, in m2/ha 30.2 27.4 28.8 30.0
Number of canopy trees sampled 409 602 1,011 1,319



Total area sampled, in ha na 1.31 na 2.55
Number of species 28 26 30 28



Appendix 6.  (Continued) Relative basal area of tree species in forests of the Apalachicola River floodplain, 
Florida.



[Relative basal area (rba) was weighted by the percent of area of each forest type in each reach. The sum of the rba of the most 
dominant species (in bold) is greater than 50 percent. Species are sorted by dominance in the combined 1976 data. Scientific 
names of species are listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; m2/ha, square meters 
per hectare; na, not applicable]
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Species
Floodplain  



species  
category



Relative basal area, in percent



1976 data



2004 dataARQA cruise-
transect  data



Thesis and ARQA 
intensive-plot data



Combined  
1976 data



C. Swamp



water tupelo 1 46.3 52.7 49.8 48.3
bald cypress 1 22.0 14.4 17.9 18.9
Ogeechee tupelo 1 14.8 17.1 16.1 16.1
popash 1 9.5 7.4 8.3 4.1
planer tree 1 3.0 2.8 2.9 2.4
swamp tupelo 1 1.3 1.8 1.5 1.0
overcup oak 2 1.0 1.0 1.0 2.8
swamp cottonwood 1 0.2 0.9 0.6 0.6
American elm 2 0.5 0.2 0.4 0.3
red maple 2 0.2 0.4 0.3 1.1
water hickory 2 0.4 0.2 0.3 1.0
green ash 2   0.4 0.2 0.8
river birch 2 0.01 0.3 0.2 0.6
swamp laurel oak 2 0.4   0.2 1.1
sycamore 3 0.04 0.2 0.1 0.04
black willow 1 0.2   0.1  
hackberry 3 0.04 0.1 0.1 0.1
water locust 2 0.04 0.1 0.1 0.6
swamp privet 2 0.04 0.04 0.04 0.01
buttonbush 1 0.04 0.005 0.02 0.02
slippery elm 4 0.04   0.02  
green haw 2   0.01 0.01 0.01
white titi 3   0.01 0.004  
winged elm 4   0.004 0.002  
sweetgum 3       0.10
possum haw 3       0.03
persimmon 3       0.01
ironwood 3       0.01
hazel alder 2       0.004
box elder 3       0.001



Total 100.0 100.0 100.0 100.0



Average total basal area, in m2/ha 54.7 65.0 59.8 52.6
Number of canopy trees sampled 640 544 1,184 1,582



Total area sampled, in ha na 0.72 na 2.45
Number of species 20 21 24 26



Appendix 6.  (Continued) Relative basal area of tree species in forests of the Apalachicola River floodplain, 
Florida.



[Relative basal area (rba) was weighted by the percent of area of each forest type in each reach. The sum of the rba of the most 
dominant species (in bold) is greater than 50 percent. Species are sorted by dominance in the combined 1976 data. Scientific 
names of species are listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; m2/ha, square meters 
per hectare; na, not applicable]
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Appendix 7.  Relative density of tree species in forests of the Apalachicola River floodplain, Florida.



[Relative density (rd) was weighted by the percent of area of each forest type in each reach. The sum of the rd of the most dominant species 
(in bold) is greater than 50 percent. Species are sorted by dominance in the combined 1976 data. Scientific names of species are listed in 
appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, not applicable, trees/ha, trees per hectare]



Species
Floodplain  



species  
category



Relative density, in percent



Canopy tress Subcanopy trees



1976 data



2004 data 2004 dataARQA cruise-
transect  data



Thesis and  
ARQA intensive-



plot data



Combined  
1976 data



A. High bottomland hardwoods



ironwood 3 25.6 6.1 22.4 12.2 7.4
sweetgum 3 17.5 36.4 20.2 19.8 4.9
possum haw 3 15.2 9.4 15.6 4.3 29.4
hackberry 3 11.3 7.6 10.5 13.1 19.2
swamp privet 2 6.0 0.9 6.0    
box elder 3 3.4 5.3 3.9 8.5 5.0
swamp laurel oak 2 3.2 3.4 3.5 2.0 1.4
water oak 3 3.8 2.8 3.4 8.9 6.2
green ash 2 1.3 8.0 2.6 2.0 1.1
overcup oak 2 2.3 1.1 2.4 0.8 2.1
American elm 2 1.3 1.4 1.3 3.2 0.7
Chinaberry 4 0.8 5.4 1.3 1.6 0.7
water hickory 2 1.0 3.8 1.3 2.1 1.1
sycamore 3 1.7 2.2 1.3 1.6  
red maple 2 1.4 0.9 1.2 0.8 0.9
green haw 2 0.8 2.1 0.7 0.3 1.1
swamp chestnut oak 3 0.7   0.7 0.9 1.1
red mulberry 3 0.7 0.3 0.4 0.7 0.3
winged elm 4 0.4 0.9 0.4 3.3 2.7
slippery elm 4 0.6   0.3 0.6 0.1
persimmon 3   1.0 0.2 1.2 2.5
swamp tupelo 1 0.3   0.2 1.2  
black walnut 4   0.9 0.1    
buckthorn bumelia 3 0.3   0.1 0.4 0.6
bald cypress 1 0.2   0.1    
black tupelo 4 0.1   0.04    
spruce pine 3 0.1   0.03    
pagoda oak 3 0.1   0.03    
river birch 2   0.1 0.02 0.6  
loblolly pine 4 0.03   0.01    
American holly 3       6.8 8.6
silverbell 4       1.7 1.1
bitternut 1       0.1 1.7
Southern magnolia 4       0.3  
popash 3       0.4  
planer tree 1       0.1  
Chinese tallow tree 3       0.1  
cherry laurel 4       0.1 0.2
Ogeechee tupelo 1       0.1  



elderberry 3         0.1



Total 100.0 100.0 100.0 100.0 100.1



Average total density , in trees/ha 687 545 702 564 467
Number of trees sampled 352 283 635 671 620



Total area sampled, in ha na 0.49 na 1.22 1.22
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Species
Floodplain  



species  
category



Relative density, in percent



Canopy tress Subcanopy trees



1976 data



2004 data 2004 dataARQA cruise-
transect  data



Thesis and  
ARQA intensive-



plot data



Combined  
1976 data



B. Low bottomland hardwoods
swamp laurel oak 2 4.4 15.0 9.9 6.8 3.2
overcup oak 2 12.3 6.5 9.3 5.3 6.4
water hickory 2 6.3 11.4 9.0 14.0 4.6
ironwood 3 8.8 8.9 8.8 6.7 3.6
green ash 2 11.1 6.3 8.6 5.5 2.2
river birch 2 14.8 2.0 8.2 4.5 0.1
American elm 2 9.2 6.9 8.0 5.6 1.6
red maple 2 8.6 3.9 6.1 8.0 9.0
sweetgum 3 6.3 4.0 5.1 6.8 2.6
planer tree 1 1.3 7.4 4.5 3.5 3.9
possum haw 3 2.0 6.4 4.2 7.4 42.7
hackberry 3 3.1 3.3 3.2 7.3 7.7
bald cypress 1 0.4 5.0 2.8 2.3 0.6
Ogeechee tupelo 1 1.7 3.7 2.7 3.4 1.0
popash 1 1.4 1.5 1.4 1.6 1.2
water tupelo 1 1.8 0.9 1.3 2.5 0.2
green haw 2 1.1 1.4 1.3 0.7 1.8
swamp privet 2 1.7 0.6 1.1 0.6 2.2



sycamore 3 0.4 1.4 0.9 0.7  
black willow 1   1.6 0.8    
box elder 3 1.6 0.1 0.8 1.7 4.4
water locust 2 0.3 1.3 0.8 1.3 0.3
water oak 3 0.6 0.2 0.4 0.5 0.3
swamp cottonwood 1 0.4   0.2 0.3  
laurel oak 4 0.02 0.2 0.1    
persimmon 3 0.1 0.1 0.1 0.9 0.4
black tupelo 4 0.1   0.03    
swamp tupelo 1 0.05   0.02    
swamp chestnut oak 3 0.05   0.02    
buttonbush 1   0.02 0.01 1.4 0.5
stiffcornel dogwood 2       0.3 1.3
red mulberry 3       0.3  
sweetbay 3       0.1  
American holly 3         0.2



Total 100.0 100.0 100.0 100.0 100.00



Average total density , in trees/ha 459 497 478 528 420
Number of trees sampled 409 602 1,011 1,319 1,240
Total area sampled, in ha na 1.31 na 2.55 2.55



Appendix 7.  (Continued) Relative density of tree species in forests of the Apalachicola River floodplain, Florida.



[Relative density (rd) was weighted by the percent of area of each forest type in each reach. The sum of the rd of the most dominant species 
(in bold) is greater than 50 percent. Species are sorted by dominance in the combined 1976 data. Scientific names of species are listed in 
appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, not applicable, trees/ha, trees per hectare]
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Species
Floodplain  



species  
category



Relative density, in percent



Canopy tress Subcanopy trees



1976 data



2004 data 2004 dataARQA cruise-
transect  data



Thesis and  
ARQA intensive-



plot data



Combined  
1976 data



C. Swamp



popash 1 29.3 33.3 31.2 16.8 16.4
water tupelo 1 28.5 28.8 28.7 33.5 3.9
Ogeechee tupelo 1 15.4 10.2 12.9 10.9 2.1
bald cypress 1 12.8 11.4 12.1 16.3 17.5
planer tree 1 10.2 9.7 9.9 8.1 19.5
swamp tupelo 1 0.6 1.3 0.9 0.9 0.0
red maple 2 0.3 1.0 0.7 3.1 6.9
river birch 2 0.4 0.8 0.6 2.0 2.0
swamp cottonwood 1 0.5 0.7 0.6 0.5 0.1
overcup oak 2 0.4 0.6 0.5 2.6 4.4
American elm 2 0.5 0.3 0.4 0.5 1.7
water hickory 2 0.1 0.5 0.3 0.7 2.7
sycamore 3   0.5 0.3 0.03 0.0
swamp privet 2 0.2 0.2 0.2 0.1 0.4
water locust 2 0.3 0.1 0.2 0.7 0.6
green ash 2   0.2 0.1 0.9 0.5
buttonbush 1 0.1 0.03 0.1 0.2 4.1
hackberry 3 0.04 0.1 0.1 0.1 0.5
black willow 1 0.1   0.1    
green haw 2   0.1 0.1 0.03 0.3
white titi 3   0.1 0.04   0.3
winged elm 4   0.05 0.02   0.1
slippery elm 4 0.04   0.02    
swamp laurel oak 2 0.04   0.02 1.0 1.1
sweetgum 3       0.3 0.1
possum haw 3       0.3 1.9
persimmon 3       0.2 0.4
hazel alder 2       0.1 4.7
ironwood 3       0.1 0.2
box elder 3       0.01 0.6
American snowbell 2         5.4
stiffcornel dogwood 2         1.5
winterberry 2         0.1
sarvis holly 1         0.1



Total 100.0 100.0 100.0 100.0 100.0



Average total density , in trees/ha 1082 1016 1049 670 286
Number of trees sampled 640 544 1,184 1,582 620
Total area sampled, in ha na 0.72 na 2.45 2.45



Appendix 7.  (Continued) Relative density of tree species in forests of the Apalachicola River floodplain, Florida.



[Relative density (rd) was weighted by the percent of area of each forest type in each reach. The sum of the rd of the most dominant species 
(in bold) is greater than 50 percent. Species are sorted by dominance in the combined 1976 data. Scientific names of species are listed in 
appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, not applicable, trees/ha, trees per hectare]
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Appendix 8.  Average Floodplain Indices of plots where tree species 
were sampled in 1976 forests of the Apalachicola River floodplain, 
Florida.



[Species are arranged in descending order by average Floodplain Index (FI) of the 
plots where they were sampled in 1976. Species with a sample size of less than 
5 trees are not included. Scientific names of species and their Floodplain Species 
Categories are listed in appendix 1]



Species
Floodplain 



species 
category



Number of trees  
sampled 



Average FI of plots  
where sampled



chinaberry 4 8 3.063



red mulberry 3 7 2.853



water oak 3 50 2.730



swamp chestnut oak 3 9 2.706



sweetgum 3 299 2.614



box elder 3 22 2.571



hackberry 3 148 2.547



ironwood 3 110 2.528



possum haw 3 77 2.505



sycamore 3 37 2.439



winged elm 4 11 2.429 a



persimmon 3 6 2.367



green ash 2 134 2.281



green haw 2 28 2.250



swamp laurel oak 2 138 2.249



American elm 2 110 2.209



water hickory 2 174 2.154



red maple 2 54 2.061



overcup oak 2 136 1.980



river birch 2 31 1.848



swamp privet 2 12 1.842



water locust 2 12 1.750



swamp cottonwood 1 17 1.461



black willow 1 12 1.384



planer tree 1 102 1.298



swamp tupelo 1 26 1.279



popash 1 195 1.254



Ogeechee tupelo 1 162 1.226



bald cypress 1 246 1.190



water tupelo 1 440 1.138



Total 2,830  



a One winged elm sampled in a swamp plot may have been misidentified. 
Average FI without this plot is 2.770.
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Appendix 9.  Changes in Floodplain Indices from 1976 to 2004 for individual replicate plots in 
forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the species composition (as determined 
by dominance) toward a drier forest type. Prefix of plot name indicates transect name. FIs are calculated from 
relative basal areas of canopy trees weighted by the Floodplain Species Category (FSC). Significant differences 
were determined using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 
but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; IP, intensive plot; Loblh, low bottomland 
hardwoods; n, sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



  Indicates FI for 2004 plot is drier than FI for 1976 plot (difference is positive)
  Indicates FI for 2004 plot is wetter than FI for 1976 plot (difference is negative)



Forest type Plot name
Floodplain Index (FI) Difference in FI  



(2004 canopy minus  
1976 canopy)1976 canopy 2004 canopy



A. Upper Reach



Hiblh



CH-01 3.000 3.029 0.029



CH-02 3.000 3.258 0.258



TO-09 3.000 3.056 0.056



SE-IP4 3.047 2.809 -0.238



SE-IP6 2.516 2.754 0.238



SE-22 2.750 2.342 -0.408



SE-23 2.750 2.729 -0.021



SE-25 2.500 2.581 0.081



 BLT-L 2.650 2.830 0.180



Loblh



TO-04 2.000 2.727 0.727



TO-06 2.273 2.549 0.276



TO-07 2.000 2.143 0.143



SE-IP3 2.085 1.190 -0.895



BLT-MS 2.228 2.092 -0.136



BLT-MP 2.335 2.435 0.100



BLT-BP 2.128 2.146 0.018



Swamp



TO-01 1.000 2.012 1.012



TO-02 1.000 1.022 0.022



TO-03 1.000 1.001 0.001



SE-IP1 1.002 1.001 -0.001



SE-IP2 1.000 1.001 0.001



SE-06 1.400 1.482 0.082



SE-12 1.000 1.000 0.000



SE-13 1.000 1.000 0.000



SE-14 1.000 1.002 0.002



SE-15 1.000 1.000 0.000



SE-16 1.000 1.001 0.001



SE-17 1.000 1.003 0.003



SE-18 1.000 1.007 0.007



BLT-BS 1.077 1.048 -0.029



Average difference in FI for upper reach (n = 30) 0.050 *
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  Indicates FI for 2004 plot is drier than FI for 1976 plot (difference is positive)
  Indicates FI for 2004 plot is wetter than FI for 1976 plot (difference is negative)



Forest type Plot name



Floodplain Index (FI)



1976 canopy 2004 canopy
Difference in FI  



(2004 canopy minus  
1976 canopy)



B. Middle Reach



Hiblh



OR-01 2.667 2.780 0.113



OR-30 2.909 2.749 -0.160



MR-01 2.833 2.654 -0.180



MR-07 3.000 2.745 -0.255



PL-15 2.750 2.987 0.237



PL-16 2.667 2.882 0.215



Loblh



OR-5.5 2.000 2.419 0.419



MR-08 2.000 1.996 -0.004



MR-16 2.167 2.157 -0.009



MR-16.5 2.083 1.939 -0.145



PL-01 2.000 2.185 0.185



PL-02 2.200 2.046 -0.154



PL-03 1.667 1.384 -0.282



PL-08 2.000 1.887 -0.113



WEW-FS 1.767 1.933 0.165



WEW-HL 1.914 2.062 0.148



WEW-UB1 2.169 2.185 0.016



Swamp



OR-08 1.000 1.017 0.017



OR-32.5 1.000 1.844 0.844



MR-06 1.333 1.000 -0.333



MR-05 1.000 1.000 0.000



PL-04 1.000 1.237 0.237



PL-05 1.125 1.073 -0.052



PL-06 1.250 1.708 0.458



PL-07 1.111 1.637 0.526



PL-09 1.000 1.000 0.000



PL-10 1.500 1.825 0.325



PL-11 1.000 1.116 0.116



PL-12 1.000 1.000 0.000



PL-13 1.000 1.138 0.138



PL-14 1.375 1.065 -0.310



WEW-LB1 1.384 1.216 -0.168



WEW-BS 1.134 1.224 0.090



Average difference in FI for middle reach (n = 33) 0.063



Appendix 9.  (Continued) Changes in Floodplain Indices from 1976 to 2004 for individual replicate 
plots in forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the species composition (as determined 
by dominance) toward a drier forest type. Prefix of plot name indicates transect name. FIs are calculated from 
relative basal areas of canopy trees weighted by the Floodplain Species Category (FSC). Significant differences 
were determined using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 
but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; IP, intensive plot; Loblh, low bottomland 
hardwoods; n, sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]











76    Drying of Floodplain Forests Associated with Decline in Water Levels in the Apalachicola River, Fla.



  Indicates FI for 2004 plot is drier than FI for 1976 plot (difference is positive)
  Indicates FI for 2004 plot is wetter than FI for 1976 plot (difference is negative)



Forest type Plot name



Floodplain Index (FI) Difference in FI  
(2004 canopy minus  



1976 canopy)1976 canopy 2004 canopy



C. Lower Reach



Loblh
BR-IP11 1.961 1.298 -0.662



BR-IP14 2.029 2.034 0.006



Swamp



BR-18 1.083 1.000 -0.083



BR-3 1.000 1.167 0.167



BR-4 1.000 1.030 0.030



BR-5 1.000 1.044 0.044



BR-IP13 1.006 1.020 0.015



BR-20 1.000 1.000 0.000



Average difference in FI for lower reach (n = 8) -0.061



Average difference in FI for Hiblh all reaches (n = 15) 0.010



Average difference in FI for Loblh all reaches (n = 20) -0.010



Average differencein FI for Swamp all reaches (n = 36) 0.088 **



Average difference in FI for all plots (n = 71) 0.044 *



Appendix 9.  (Continued) Changes in Floodplain Indices from 1976 to 2004 for individual replicate 
plots in forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the species composition (as determined 
by dominance) toward a drier forest type. Prefix of plot name indicates transect name. FIs are calculated from 
relative basal areas of canopy trees weighted by the Floodplain Species Category (FSC). Significant differences 
were determined using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 
but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; IP, intensive plot; Loblh, low bottomland 
hardwoods; n, sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]
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Appendix 10.  Differences in Floodplain Indices between 2004 canopy and subcanopy tree-size classes for individual plots in the 
forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the speciescomposition (as determined by dominance) toward the next drier 
forest type. Prefix of plot name indicates transect name. FIs for canopy trees are calculated from relative basal areas. FIs for subcanopy trees are calculated 
from relative density. Canopy trees have diameter at breast height (dbh) ≥ 7.5 cm; large canopy trees, dbh ≥ 25 centimeter (cm); small canopy trees, dbh 
< 25 and ≥ 7.5 cm; and subcanopy trees, dbh < 7.5 and ≥ 2.5 cm. Significant differences were determined using Wilcoxon matched-pairs signed-ranks 
test. Probabilities (p) shown with * are > 0.05 but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; IP, intensive plot; Loblh, low bottomland 
hardwoods; n = sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



     Indicates FI for given size class is drier than FI for canopy trees (difference is positive)
     Indicates FI for given size class is wetter than FI for canopy trees (difference is negative)



Forest type Plot name



2004 Floodplain Index (FI) Difference in FI



Canopy Large  
canopy



Small  
canopy Subcanopy Large canopy  



minus canopy
Small canopy  
minus canopy



Subcanopy  
minus canopy



A. Upper Reach



   Hiblh



CH-01 3.029 3.000 3.097 2.971 -0.029 0.068 -0.058



CH-02 3.258 4.000 3.087 3.000 0.742 -0.171 -0.258



CH-L2 3.167 3.134 3.246 3.200 -0.033 0.079 0.033



TO-09 3.056 3.038 3.195 3.094 -0.018 0.139 0.038



SE-IP04 2.809 2.434 3.141 3.205 -0.374 0.332 0.396



SE-IP06 2.754 2.712 2.963 2.966 -0.042 0.209 0.211



SE-22 2.342 2.297 2.726 3.000 -0.045 0.385 0.658



SE-23 2.729 2.295 3.192 3.034 -0.434 0.464 0.305



SE-25 2.581 2.504 2.969 3.000 -0.078 0.387 0.419



BLT-L 2.808 2.788 2.938 2.712 -0.020 0.130 -0.097



   Loblh



TO-04 2.727 2.650 3.000 2.931 -0.077 0.273 0.204



TO-06 2.549 2.441 2.942 2.868 -0.108 0.393 0.320



TO-07 2.143 2.082 2.626 3.000 -0.060 0.483 0.857



SE-IP03 1.190 1.102 1.513 2.647 -0.088 0.322 1.457



BLT-MP 2.435 2.394 2.642 2.743 -0.040 0.207 0.308



BLT-BP 2.146 2.125 2.285 2.541 -0.021 0.139 0.395



BLT-MS 2.092 2.070 2.314 2.185 -0.023 0.222 0.093



   Swamp



TO-01 2.012 1.943 2.884 2.882 -0.068 0.873 0.871



TO-02 1.022 1.000 1.359 1.000 -0.022 0.337 -0.022



TO-03 1.001 1.000 1.027 1.000 -0.001 0.026 -0.001



SE-IP01 1.001 1.000 1.006 1.643 -0.001 0.005 0.642



SE-IP02 1.001 1.000 1.009 1.053 -0.001 0.008 0.052



SE-06 1.482 1.482 1.483 1.833 0.000 0.001 0.351



SE-12 1.000 1.000 1.000 1.333 0.000 0.000 0.333



SE-13 1.000 1.000 1.000 1.600 0.000 0.000 0.600



SE-14 1.002 1.000 1.006 1.320 -0.002 0.004 0.318



SE-15 1.000 1.000 1.000 1.524 0.000 0.000 0.524



SE-16 1.001 1.000 1.004 1.500 -0.001 0.002 0.499



SE-17 1.003 1.000 1.013 1.640 -0.003 0.010 0.637



SE-18 1.007 1.000 1.041 1.640 -0.007 0.034 0.633



BLT-BS 1.048 1.046 1.068 1.500 -0.002 0.020 0.452



Average difference in FI for all upper reach plots  (n = 31) -0.028 ** 0.174 ** 0.360 **
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     Indicates FI for given size class is drier than FI for canopy trees (difference is positive)
     Indicates FI for given size class is wetter than FI for canopy trees (difference is negative)



Forest type Plot name



2004 Floodplain Index (FI) Difference in FI



Canopy Large  
canopy



Small  
canopy Subcanopy Large canopy  



minus canopy
Small canopy  
minus canopy



Subcanopy  
minus canopy



B. Middle Reach



   Hiblh



OR-30 2.749 2.750 2.736 3.000 0.002 -0.013 0.251



OR-01 2.780 2.748 3.093 2.833 -0.032 0.313 0.053



MR-01 2.654 2.623 2.792 2.853 -0.031 0.138 0.199



MR-07 2.745 2.682 2.865 2.935 -0.063 0.120 0.191



PL-15 2.987 3.000 2.925 2.875 0.013 -0.062 -0.112



PL-16 2.882 2.907 2.840 2.957 0.025 -0.042 0.075



   Loblh



OR-5.5 2.419 2.337 2.611 2.833 -0.082 0.192 0.415



MR-08 1.996 2.000 1.982 2.176 0.004 -0.014 0.180



MR-16 2.157 2.133 2.298 2.455 -0.024 0.141 0.297



MR-16.5 1.939 2.000 1.847 1.250 0.061 -0.092 -0.689



PL-01 2.185 2.204 2.165 2.526 0.019 -0.020 0.341



PL-02 2.046 2.000 2.443 2.960 -0.046 0.396 0.914



PL-03 1.384 1.372 1.490 none -0.013 0.105  



PL-08 1.887 1.913 1.528 2.250 0.026 -0.359 0.363



WEW-FS 1.933 2.044 1.607 2.446 0.111 -0.326 0.513



WEW-HL 2.062 2.000 2.235 2.920 -0.062 0.174 0.858



WEW-UBX 2.185 2.000 2.919 2.923 -0.185 0.734 0.738



   Swamp



OR-32.5 1.844 1.861 1.699 1.000 0.017 -0.146 -0.844



OR-08 1.017 1.000 1.277 1.000 -0.017 0.260 -0.017



MR-05 1.000 1.000 1.000 1.250 0.000 0.000 0.250



MR-06 1.000 1.000 1.000 1.000 0.000 0.000 0.000



PL-04 1.237 1.222 1.546 1.000 -0.015 0.309 -0.237



PL-05 1.073 1.078 1.000 none 0.004 -0.073  



PL-06 1.708 1.750 1.455 none 0.042 -0.254  



PL-07 1.637 1.589 2.063 3.000 -0.048 0.426 1.363



PL-09 1.000 1.000 1.000 1.000 0.000 0.000 0.000



PL-10 1.825 2.000 1.571 1.294 0.175 -0.254 -0.531



PL-11 1.116 1.000 1.698 1.955 -0.116 0.582 0.839



PL-12 1.000 1.000 1.000 1.000 0.000 0.000 0.000



PL-13 1.138 1.142 1.000 none 0.004 -0.138  



PL-14 1.065 1.000 1.877 1.167 -0.065 0.812 0.102



WEW-LBX 1.216 1.115 1.804 1.789 -0.101 0.588 0.573



WEW-BS 1.224 1.197 1.405 2.120 -0.027 0.181 0.896



WEW-BSX 1.000 1.000 1.000 1.000 0.000 0.000 0.000



Average difference in FI for all middle reach plots (n = 34) -0.012 0.108 * 0.233 **



Appendix 10.  (Continued) Differences in Floodplain Indices between 2004 canopy and subcanopy tree-size classes for individual 
plots in the forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the speciescomposition (as determined by dominance) toward the next drier 
forest type. Prefix of plot name indicates transect name. FIs for canopy trees are calculated from relative basal areas. FIs for subcanopy trees are calculated 
from relative density. Canopy trees have diameter at breast height (dbh) ≥ 7.5 cm; large canopy trees, dbh ≥ 25 centimeter (cm); small canopy trees, dbh 
< 25 and ≥ 7.5 cm; and subcanopy trees, dbh < 7.5 and ≥ 2.5 cm. Significant differences were determined using Wilcoxon matched-pairs signed-ranks 
test. Probabilities (p) shown with * are > 0.05 but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; IP, intensive plot; Loblh, low bottomland 
hardwoods; n = sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]
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     Indicates FI for given size class is drier than FI for canopy trees (difference is positive)
     Indicates FI for given size class is wetter than FI for canopy trees (difference is negative)



Forest type Plot name



2004 Floodplain Index (FI) Difference in FI



Canopy Large  
canopy



Small  
canopy Subcanopy Large canopy  



minus canopy
Small canopy  
minus canopy



Subcanopy  
minus canopy



C. Lower Reach



   Hiblh



EA-02 2.547 2.505 2.710 3.000 -0.042 0.164 0.453



EB-01 2.835 2.821 2.839 2.889 -0.014 0.005 0.054



EB-08 2.545 2.561 2.391 2.750 0.015 -0.155 0.205



   Loblh



EA-01 2.433 2.456 2.339 3.000 0.023 -0.094 0.567



EA-03 2.056 2.039 2.189 2.583 -0.017 0.133 0.527



EA-04 1.662 1.661 1.685 1.846 -0.001 0.023 0.184



EA-05 2.189 2.095 2.447 2.476 -0.094 0.258 0.287



EA-08 1.500 1.523 1.345 1.854 0.023 -0.155 0.354



EB-02 2.274 2.204 2.790 2.211 -0.071 0.516 -0.064



EB-03 1.920 1.902 1.960 2.241 -0.018 0.039 0.321



EB-06 1.652 1.648 1.765 1.900 -0.004 0.114 0.248



EB-07 2.572 2.660 2.444 2.761 0.088 -0.128 0.189



EC-03 2.301 2.373 1.941 2.852 0.072 -0.360 0.551



EC-04 2.379 2.197 2.646 2.941 -0.182 0.267 0.562



EC-05 2.349 2.368 2.284 2.700 0.020 -0.065 0.351



EC-06 1.972 1.948 2.092 2.563 -0.024 0.121 0.591



EC-07 1.818 1.877 1.618 2.393 0.059 -0.200 0.575



BR-IP11 1.298 1.262 1.484 1.850 -0.037 0.185 0.552



BR-IP14 2.034 2.045 2.000 2.625 0.010 -0.035 0.591



   Swamp



EA-06 1.446 1.484 1.073 1.917 0.039 -0.373 0.471



EA-07 1.022 1.000 1.247 1.263 -0.022 0.225 0.242



EB-04 1.021 1.000 1.110 1.188 -0.021 0.088 0.166



EB-05 1.009 1.000 1.116 1.100 -0.009 0.107 0.091



EC-10 1.274 1.267 1.295 1.583 -0.007 0.020 0.309



BR-IP13 1.020 1.000 1.233 1.667 -0.020 0.213 0.646



BR-03 1.167 1.178 1.118 1.375 0.011 -0.049 0.208



BR-04 1.030 1.033 1.015 1.625 0.002 -0.015 0.595



BR-05 1.044 1.051 1.000 1.333 0.007 -0.044 0.289



BR-18 1.000 1.000 1.000 1.000 0.000 0.000 0.000



BR-20 1.019 1.014 1.100 1.000 -0.005 0.081 -0.019



Average difference in FI for all lower reach plots (n = 30) -0.007 0.030 0.337 **



Average difference in FI for Hiblh (n = 19) -0.024 ** 0.131 ** 0.159 **



Average difference in FI for Loblh (n = 34) -0.022 * 0.106 ** 0.423 **



Average difference in FI for Swamp (n = 42) -0.007 ** 0.092 ** 0.289 **



Average difference in FI for all plots (n = 95) -0.016 ** 0.105 ** 0.310 **



Appendix 10.  (Continued) Differences in Floodplain Indices between 2004 canopy and subcanopy tree-size classes for individual 
plots in the forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the speciescomposition (as determined by dominance) toward the next drier 
forest type. Prefix of plot name indicates transect name. FIs for canopy trees are calculated from relative basal areas. FIs for subcanopy trees are calculated 
from relative density. Canopy trees have diameter at breast height (dbh) ≥ 7.5 cm; large canopy trees, dbh ≥ 25 centimeter (cm); small canopy trees, dbh 
< 25 and ≥ 7.5 cm; and subcanopy trees, dbh < 7.5 and ≥ 2.5 cm. Significant differences were determined using Wilcoxon matched-pairs signed-ranks 
test. Probabilities (p) shown with * are > 0.05 but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; IP, intensive plot; Loblh, low bottomland 
hardwoods; n = sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]
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Appendix 11. Statistical evaluation of correlations between Floodplain Indices of 1976 and 2004 tree-size classes and 
flood durations in forests of the Apalachicola River floodplain, Florida.



[Forest composition is based on Floodplain Index (FI) values for indicated groups. Flood duration is the average number of days of flooding 
in the growing season based on stage in the adjacent river channel without any adjustments for water retention in depressions or other 
factors affecting the relation between river stage and floodplain water levels. Canopy includes trees ≥ 7.5 centimeter (cm) diameter at breast 
height (dbh); small canopy trees are < 25 and ≥ 7.5 cm dbh; subcanopy trees are < 7.5 and ≥ 2.5 cm dbh. FIs for canopy trees calculated 
from relative basal areas. Fls for subcanopy trees calculated from relative density. Statistics not calculated for groups with sample size ≤ 5. 
Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods; n, sample size; p, probability; r, Pearson correlation coefficient; >, 
greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



    Indicates correlation is highly significant (p ≤ 0.05)
  Indicates correlation is less significant  (p < 0.1 > 0.05)



    Indicates correlation is not significant (p ≥ 0.1)



*   Indicates correlation is positive



Forest type Reach



Pearson r values, significance, and sample size correlations between FIs and  
flood duration for four forest groups



 1976  
canopy trees



2004  
canopy trees



2004  
small canopy trees



2004  
subcanopy trees



Hiblh



UPPER
r = -0.430 
p = 0.016, n = 31



r = -0.644 
p = 0.044, n = 10



r = -0.598 
p = 0.068, n = 10



r = -0.662 
p = 0.037, n = 10



MIDDLE
r = -0.483 
p = 0.042, n = 18



r = -0.626 
p = 0.184, n = 6



r = -0.502 
p = 0.310, n = 6



r = -0.262 
p = 0.616, n = 6



LOWER n = 0 n = 3 n = 3 n = 3



All
r = -0.499 
p = 0.0003, n = 49



r = -0.637 
p = 0.003, n = 19



r = -0.628 
p = 0.004, n = 19



r = -0.439 
p = 0.060, n = 19



Loblh



UPPER
r = -0.031 
p = 0.917, n = 14



r = -0.428 
p = 0.338, n = 7



r = -0.587 
p = 0.166, n = 7



r = -0.737 
p = 0.059, n = 7



MIDDLE
r = -0.394 
p = 0.012, n = 40



r = -0.376 
p = 0.254, n = 11



r = -0.449 
p = 0.166, n = 11



r = -0.518 
p = 0.125, n = 10



LOWER n = 3
r = -0.711 
p = 0.002, n = 16



r = -0.504 
p = 0.047, n = 16



r = -0.659 
p = 0.006, n = 16



All
r = -0.405 
p = 0.002, n = 57



r = -0.563 
p = 0.001, n = 34



r = -0.511 
p = 0.002, n = 34



r = -0.603 
p = 0.0002, n = 33



Swamp



UPPER r = 0.410 * 
p = 0.038, n = 26



r = -0.012 
p = 0.967, n = 14



r = -0.065 
p = 0.825, n = 14



r = -0.033 
p = 0.912, n = 14



MIDDLE
r = -0.047  
p = 0.814, n = 28



r = -0.095 
p = 0.717, n = 17



r = -0.320 
p = 0.2100, n = 17



r = 0.021 * 
p = 0.9431, n = 14



LOWER
r = -0.327  
p = 0.128, n = 23



r = -0.677 
p = 0.022, n = 11



r = -0.426 
p = 0.191, n = 11



r = -0.338 
p = 0.310, n = 11



All
r = -0.081 
p = 0.485, n = 77



r = -0.108 
p = 0.496, n = 42



r = -0.158 
p = 0.317, n = 42



r = -0.163 
p = 0.323, n = 39



Reaches



UPPER
r = -0.648 
p < 0.0001, n = 71



r = -0.781 
p < 0.001, n = 31



r = -0.731 
p < 0.0001, n = 31



r = -0.669 
p < 0.0001, n = 31



MIDDLE
r = -0.702 
p < 0.0001, n = 86



r = -0.757 
p < 0.0001, n = 34



r = -0.763 
p < 0.0004, n = 34



r = -0.649 
p < .0001, n = 30



LOWER
r = -0.785 
p < 0.0001, n = 26



r = -0.841 
p < 0.0001, n = 30



r = -0.841 
p < 0.0001, n = 30



r = -0.776 
p < 0.0001, n = 30



ALL
r = -0.680 
p < 0.0001, n = 183



r = -0.636 
p < 0.0001, n = 95



r = -0.603 
p < 0.0001, n = 95



r = -0.566 
p < 0.0001, n = 91
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Appendix 12.  Statistical evaluation of differences between Floodplain Indices of 1976 and 2004 
tree-size classes in forests of the Apalachicola River floodplain, Florida.



[Percentage of change in composition based on differences between Floodplain Index (FI) values for indicated 
groups. A change of + 0.01 in a FI is a change of 1% of the species composition (as determined by dominance) 
toward a drier forest type. Canopy includes trees ≥ 7.5 centimeter (cm) diameter at breast height (dbh); large 
canopy trees are ≥ 25 cm dbh; subcanopy trees are < 7.5 and ≥ 2.5 cm dbh. FIs for canopy trees calculated 
from relative basal areas. Fls for subcanopy trees calculated from relative density. Significant differences were 
determined using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 but < 0.10; 
with ** are ≤ 0.05. Statistics not calculated for groups with sample size ≤ 5. Hiblh, high bottomland hardwoods; 
Loblh, low bottomland hardwoods; >, greater than; n, sample size; ≥, greater than or equal to; <, less than; ≤, less 
than or equal to; %, percent]



    Indicates correlation is highly significant (p ≤ 0.05)
    Indicates correlation is less significant  (p < 0.1 > 0.05)
    Indicates correlation is not significant (p ≥ 0.1)



Forest type Reach



Change in composition, statistical significance, and sample sizes



Pre-1954 to 1976 
(change from  



1976 large canopy to 
1976 canopy trees)



From 1976 to 2004 
(change from  



1976 canopy to  
2004 canopy trees)



From 2004 to 2085 a 
(change from  



2004 canopy to  
2004 subcanopy trees)



Hiblh



UPPER 4.0%, drier, n = 4
1.9% drier 
p = 0.496, n = 9



16.5% drier 
p = 0.160, n = 10



MIDDLE n = 0
0.5% wetter 
p = 1.000, n = 6



10.9% drier 
p = 0.156, n = 6



LOWER n = 0 n = 0
23.7% drier 
n = 3  



All 4.0% drier, n = 4
1.0% drier 
p = 0.720, n = 15



15.9% drier 
p = 0.012, n = 19



Loblh



UPPER
6.9% drier 
n = 4



3.3% drier 
p = 0.578, n = 7



51.9% drier 
p = 0.016, n = 7



MIDDLE
0.9% wetter 
n = 3



2.1% drier 
p = 0.765, n = 11



39.3% drier 
p = 0.037, n = 10



LOWER
6.5% drier 
n = 2  



32.8% wetter 
n = 2  



39.9% drier 
p = 0.001, n = 16



All
4.2% drier 
 p = 0.164, n = 9



1.0% wetter 
p = 0.729, n = 20



42.3% drier 
p < 0.001, n = 33



Swamp



UPPER
1.1% drier 
n = 4



7.9% drier 
p = 0.083, n = 14



42.1% drier 
p < 0.001, n = 14



MIDDLE
no change 
n = 2  



11.8% drier 
p ≤ 0.191, n = 16



17.1% drier 
p = 0.322, n = 14



LOWER
0.3% drier 
n = 2  



2.9% drier 
p = 0.438, n = 6  



27.3% drier 
p = 0.004, n = 11



All
0.6% drier 
p = 0.563, n = 8



8.8% drier 
p = 0.026, n = 36



28.9% drier 
p < 0.001, n = 39



Reaches



UPPER
4.0% drier 
 p =  0.032, n = 12



5.0% drier 
p = 0.066, n = 30



36.0% drier 
p < 0.001, n = 31



MIDDLE
0.6% wetter 
n = 5



6.3% drier 
p = 0.299, n = 33



23.3% drier 
p = 0.010, n = 33



LOWER
3.4% drier 
n = 4  



6.1% drier 
p = 0.813, n = 8



33.7% drier 
p < 0.001, n = 27



All
2.8% drier 
p =  0.026, n = 21



4.4% drier 
p = 0.086, n = 71



31.0% drier 
p < 0.001, n = 91



a In 2085, the median age of surviving 2004 subcanopy trees will reach the median age (99 years) of the 
2004 large canopy trees.
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Sticky Note


dark color is significant





David


Sticky Note


drying is most severe in last 20-yr period, after when channel decline was main driver.  channel had stabilized by last time period - when flow change were dominant cause.

last field work was in 2004

there were back to back droughts in this period but wouldn't have been as severe.  might be climatic as well.  but this tree data is prior to most severe recent droughts. 
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Abstract 1



Aquatic Habitats in Relation to River Flow in the
Apalachicola River Floodplain, Florida
By Helen M. Light, Melanie R. Darst, and J.W. Grubbs



ncreasing demands for water
in the Apalachicola-



Chattahoochee-Flint River
Basin have resulted in conflicts
among water user groups, the
States of Georgia, Alabama, and
Florida, and various Federal
agencies, particularly during
periods of regional drought. A
study of aquatic habitats in the
floodplain in relation to river
flow was conducted in the non-
tidal reach of the Apalachicola
River in north Florida from
1992 to 1996. The study was
conducted by the U.S. Geological
Survey, in cooperation with the
Northwest Florida Water
Management District, as part of
a larger effort to identify fresh-
water needs throughout the
region and develop a mecha-
nism for basinwide water man-
agement. The primary results of
this report are quantitative esti-
mates of the amount of aquatic
habitat in the floodplain in rela-
tion to river flow. The report
also includes plates showing
streams, lakes, and floodplain
forests connected to the main
river channel at selected flows;
an analysis of long-term flow



I
Abstract record in the Apalachicola



River; a review of the literature
regarding fishes in floodplains
of the Apalachicola River and
other rivers of the eastern
United States; and examples
showing how this report can be
used to assess impacts of flow
alterations on aquatic habitats
and fishes. The study area con-
sists of about 82,200 acres of
floodplain that is predominantly
wetlands, according to the U.S.
Fish and Wildlife classification
system.



Very low flows in the
Apalachicola River, defined
as flows less than 6,000 cubic
feet per second (ft3/s) at Chatta-
hoochee, Florida, occurred in 15
of the 74 years of record from
1922 to 1995. At a river flow of
5,000 ft3/s, an estimated
260 acres of floodplain streams
and lakes is connected to the
main river channel. Most of
these areas have shallow waters
with no flow and are located in
the middle and nontidal lower
reaches of the river. These con-
nected aquatic habitats comprise
a very small percentage
(0.3 percent) of the entire flood-
plain at very low flows, yet they
serve as important refuges for



fishes from the deep, swiftly
flowing waters of the main
channel. In the upper reach of
the river, entrenchment that
occurred after construction of
Jim Woodruff Dam lowered
bed elevations and river levels.
Many perennial streams in the
upper reach that were accessible
to main channel fishes at low
and very low flows prior to
entrenchment are now inacces-
sible because of waterfalls or
very shallow water at their
mouths. About 4,000 acres of
isolated aquatic habitat, mostly
tupelo-cypress swamps with
standing water less than 3 feet
deep, is also present in the
floodplain at very low flows. A
review of the literature indicates
that many species of fishes
inhabit the quiet, shallow waters
typically found in isolated
swamps.



Low flows (6,000-
10,000 ft3/s at Chattahoochee,
Florida) occur in most years.
The median annual 1-day low
flow for the period of record is
8,490 ft3/s. About 740 acres of
aquatic habitat in the floodplain
is connected to the main channel
at a river flow of 8,000 ft3/s.
Most of these areas are tributary
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lakes, which are open bodies of
water having a linear conforma-
tion and little or no flow except
during floods. Large tributary
lakes in the middle and lower
reaches of the river, such as
Iamonia Lake and River Styx,
support diverse fish communi-
ties. In a previous study, 44 fish
species were collected by the
Florida Game and Fresh Water
Fish Commission in tributary
lakes during low flows.



Medium flows (10,000-
20,000 ft3/s at Chattahoochee,
Florida) occur every year. At the
median flow for the period of
record, which is 16,400 ft3/s,
approximately 8,300 acres
(10 percent of the floodplain) is
connected aquatic habitat. Most
of these areas are tupelo-cypress
swamps bordering streams and
lakes in the middle and nontidal
lower reaches that are inundated
by backwater from the main
channel. Flowing-water habitats
in more than 200 miles of
streams and lakes are also con-
nected to the main channel at the
median flow. The amount of
vegetative structure in connected
aquatic habitats is much greater
during medium flows than dur-
ing low flows, because water is
no longer contained in the beds
of floodplain streams, but is cov-
ering vegetation and woody
debris on streambanks and in
adjacent swamps. Vegetative
structure in aquatic habitats pro-
vides food sources, protective
cover, and reproductive sites for
fishes.



Medium-high flows
(20,000-50,000 ft3/s at Chatta-
hoochee, Florida) occur every



year. An estimated 40,700 acres,
which is approximately one-half
of the floodplain, is connected
aquatic habitat at 32,000 ft3/s.
Nearly all aquatic habitat in
tupelo-cypress swamps that is
isolated at lower flows is con-
nected to the main channel
between flows of 20,000 and
40,000 ft3/s. High flows (greater
than 50,000 ft3/s) occur in most
years. At the median annual
1-day high flow of 86,200 ft3/s,
about 78,000 acres (95 percent
of the floodplain) is connected
aquatic habitat. During high
flows, water is moving through
most of the floodplain in a gen-
eral downstream direction.
Many main channel fishes
migrate into flooded forests
where greatly increased food
sources and abundant vegetative
structure are available to them.
Eighty percent, or 73 of the 91
fish species known to inhabit the
Apalachicola River have been
collected in river floodplains of
the eastern United States and are
probably present in the Apalach-
icola River floodplain during
medium-high and high flows.



In evaluating the impacts
of flow alterations, it is impor-
tant to determine types and
extent of habitat affected,
address impacts on biotic com-
munities, and make compari-
sons of altered to historical
flows. In an example, effects on
habitat as a result of flow regu-
lation to create a navigation
window for barge traffic in the
fall of 1990 were examined. For
19 days during this period, there
was approximately 590 fewer
acres of connected aquatic



habitat than there would have
been if the navigation window
had not been implemented.
Effects of reduced aquatic
habitat on fishes include reduc-
tions in the amount of food,
protective cover, and spawning
sites. A hydrologic event with
flows similar to this period of
reduced flows occurred once
every 10 years on average
(1922-95) and probably would
not have occurred in 1990 if
navigation windows had not
been implemented.



n the coastal plain of the south-
eastern United States, large



rivers have extensive forested
floodplains that contain a diverse
assortment of aquatic and wetland
habitats (Wharton and others,
1982; Mitsch and Gosselink,
1986). Streams, sloughs, ponds,
lakes, and swamps in these flood-
plains are alternately connected
and disconnected from the main
river channel as river levels fluctu-
ate. Complex relationships exist
between biological communities in
floodplain habitats and river flow,
with floral and faunal distributions
varying spatially, seasonally, and
annually (Welcomme, 1979;
Bayley, 1995; Power and others,
1995). During low-flow periods,
shallow, quiet waters in the flood-
plain provide refuges for fishes
from the deep, swiftly flowing
waters of the main channel (Kwak,
1988; Baker and others, 1991;
Leitman and others, 1991). During
flood events, fishes use inundated
floodplain forests for food, protec-
tive cover, spawning sites and
nursery grounds (Guillory, 1979;
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Wharton and others, 1981, 1982;
Ross and Baker, 1983; Walker and
Sniffen, 1985; Finger and Stewart,
1987; Knight and others, 1991).



Increased demands for water
in the Apalachicola-Chattahoochee-
Flint (ACF) River Basin have
resulted in conflicts among water
user groups, the States of Georgia,
Alabama, and Florida, and various
Federal agencies, particularly
during periods of regional drought.
“As a result, widespread concern
has been expressed regarding the
need to properly manage the water
resources so that regional econo-
mies may continue to be supported
within the bounds of the environ-
mental conditions that exist within
the river systems” (Alabama,
Florida, Georgia, and the U.S.
Army Corps of Engineers, 1991,
p. 1). In the early 1990’s, Congress
funded a study to determine water
requirements in the ACF River
Basin (and an adjacent basin) and
to recommend an interstate mecha-
nism for resolving issues from a
regional perspective. As a part of
this study, the Northwest Florida
Water Management District
(NWFWMD) initiated a freshwater
needs assessment for the Apalachi-
cola River and Bay. Water require-
ments of the Apalachicola River
are addressed in this report, which
presents information on the area
and characteristics of aquatic
habitats in the floodplain in relation
to river flow. Results of this inves-
tigation can be used to evaluate
potential impacts of flow alter-
ations (such as increased upstream
water withdrawals or modified
water delivery schedules from
storage reservoirs) on floodplain
habitat.



Purpose and Scope



This report presents the final
results of an investigation relating
aquatic habitats in the floodplain to
flow in the Apalachicola River.
This report includes:



(1) Duration and frequency
statistics of the long-term flow
record of the Apalachicola River
based on monthly, annual, and mul-
tiple-year periods of analysis.



(2) A description of the
major types of streams, lakes, and
forests in the Apalachicola River
floodplain and the changes that
occur in those habitats with
changes in river flow.



(3) Estimates of the area of
aquatic habitat in the floodplain
that exist at specific Apalachicola
River flows ranging from very low
to very high. Estimates of area
include total areas of aquatic habi-
tat in the floodplain for each major
reach of the river and for the entire
study area, and areas of particular
types of aquatic habitats in the
floodplain having characteristics
that are important to fishes.



(4) A list of the species of
fishes collected in the Apalachicola
River floodplain, and a list of addi-
tional species that probably inhabit
the Apalachicola River floodplain,
based on a summary of the litera-
ture on floodplain fishes of the
eastern United States.



(5) Examples showing how
the results of this investigation can
be used to assess impacts of flow
alterations on aquatic habitat and
fishes in the Apalachicola River
floodplain.



The study area addressed in
this report is the floodplain of the
nontidal Apalachicola River from
the Georgia-Florida State line to
the upper limit of tidal influence
about 20 mi upstream of Apalachi-



cola Bay (fig. 1). The freshwater
tidal floodplain is not included in
the study area. Data collection was
conducted from 1992 to 1995 and
data analysis was completed in
1996. Two interim progress
reports describing preliminary
methods and results were published
during the data-collection period
(Light and others, 1993; Light and
others, 1995).
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Figure 1. Drainage basin of the
Apalachicola, Chattahoochee, and Flint
Rivers in Florida, Georgia, and Alabama.
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Background and
Terminology



The Apalachicola River is a
large alluvial river formed by the
confluence of the Chattahoochee
and Flint Rivers (fig. 1). The three
rivers drain 19,600 mi2 in Florida,
Georgia, and Alabama. The Chatta-
hoochee flows about 400 mi from
its source in north Georgia to Lake
Seminole at the Florida-Georgia
State line. The Flint River origi-
nates just south of Atlanta, Ga., and
flows about 350 mi before it joins
the Chattahoochee River. The
Apalachicola River is 106 mi long
and falls about 40 ft from the
Georgia-Florida State line to the
Apalachicola Bay in the Gulf of
Mexico. The Apalachicola River
downstream of Lake Seminole
drains 2,400 mi2, approximately
50 percent of which is drained by
its largest tributary, the Chipola
River.



The drainage basin of the
Apalachicola, Chattahoochee, and
Flint Rivers lies within three major
physiographic provinces of the
southeastern United States (Clark
and Zisa, 1976). Less than
1 percent of the basin in the north-
ernmost part contains mountains
and ridges of the Blue Ridge
Province. The remainder of the
upper basin north of Columbus,
Ga., lies in the rolling hills of the
Piedmont Province. The entire
lower basin south of Columbus,
Ga., is in the Coastal Plain Prov-
ince, which is hilly in the northern-
most part, karstic in the central
part, and contains low lying coastal
flats in the southernmost part
(Couch and others, 1996).



The Apalachicola River is
the largest river in Florida and
ranks 21st in magnitude of dis-
charge among the rivers of the
conterminous United States. Mean



annual flow at Chattahoochee, Fla.
(fig. 2) from 1922 to 1995 was
22,300 ft3/s. Peak floods are most
likely to occur in January, February,
March, or April of each year. Low
flow generally occurs in Septem-
ber, October, and November. Flood
patterns vary greatly from year to
year and may not conform to these
seasonal trends in any given year.
In this report, very low flows are
less than 6,000 ft3/s, low flows are
6,000 to 10,000 ft3/s, medium
flows are 10,000 to 20,000 ft3/s,
medium-high flows are 20,000 to
50,000 ft3/s, and high flows are
greater than 50,000 ft3/s. All flow
values refer to flow in the Apalach-
icola River at the USGS gage at
Chattahoochee, Fla., unless other-
wise indicated.



There are 16 dams on the
Apalachicola, Chattahoochee,
and Flint Rivers. The most down-
stream dam, Jim Woodruff Dam,
impounds Lake Seminole at the
head of the Apalachicola River
where the Chattahoochee and Flint
Rivers join. Construction began on
Jim Woodruff Dam in 1950, and
filling of the reservoir was accom-
plished from 1954 to 1957. Con-
gressional authorization for
navigational improvements was
approved in 1874 and dredging was
sporadically conducted from 1874
to 1956. Dredging to construct the
modern 9- by 100-ft navigation
channel began in 1956, with main-
tenance dredging since that time
usually conducted on an annual
basis. Rock removal in the upper
reach of the river was conducted in
1957, 1963, 1968, and 1983-84.
Twenty-nine sets of groins made of
wooden pilings or stone were
installed from 1963 to 1970, most
of which are in the upper reach of
the river. Six cutoffs, which were
made from 1956 to 1969 to



improve navigation by straighten-
ing bends in the lower reach of the
river, have shortened the total
length of the river by approxi-
mately 2 mi (U.S. Army Corps of
Engineers, 1986). Entrenchment
is riverbed degradation that has
lowered the elevation of the river-
bed in the upper reach of the
Apalachicola River since the
construction of Jim Woodruff Dam.
In an analysis of the effects of a
variety of navigational improve-
ments on riverbed elevation, it was
concluded that entrenchment
“appears to be directly related to
the presence of the dam” (Simons,
Li, and Associates, 1985, p. 100).
Dredging, groins, cutoffs, and rock
removal appear to have primarily
local effects on bed degradation
that are not associated with the
overall trend of entrenchment. The
USACE implements navigation
windows by regulating flows in the
Apalachicola River to improve
navigation during periods when
channel depths are insufficient to
allow barge traffic. Immediately
prior to each navigation window,
water is stored in upstream reser-
voirs for 2 to 3 weeks during a
prewindow period. Flows are
increased rapidly during a short
transition period of 1 or 2 days,
and then water is released in a
window period of 10 days to
2 weeks to raise water levels for
barge navigation on the river.



Aquatic habitats of the main
channel of the Apalachicola River
have been surveyed by the
FGFWFC. Sandbars are relatively
unproductive with regard to fishes
and invertebrates, whereas habitats
such as dike fields, gently sloping
natural banks, and steep natural
banks with snags and other sub-
merged structures are significantly
more productive (Ager and others,
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Figure 2. Major reaches of the Apalachicola
River and location of intensive study areas.
Reach boundaries are based on
physiographic and geomorphic differences
described by Leitman (1984).



1986). In this report, the term main
channel is reserved for the main
channel of the Apalachicola River
unless otherwise indicated.



The Apalachicola River has
the largest forested floodplain in
Florida. It is 71 mi long, ranges
from 1 to 5 mi wide, and covers
approximately 112,000 acres
(175 mi2) of freshwater tidal and
nontidal floodplain. In this report,
the term floodplain refers to the
nontidal floodplain only and does
not include open water in the main
channels of the Apalachicola and
Chipola Rivers. A floodplain area
of 82,200 acres is used in calcula-
tions in this report; this acreage
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represents approximately
92 percent of the total area that is
shown within the nontidal flood-
plain boundary as mapped by
Leitman (1984). The remaining
8 percent of floodplain in nontidal
reaches consists of land areas
within the floodplain boundary that
are higher than most annual floods
or have been converted to nonfor-
ested uses. Floodplains as defined
in this report are predominantly
wetlands according to the wetland
classification system of the
USFWS (Cowardin and others,
1979; Reed, 1988). However, the
percentage of this area that would
be classified as jurisdictional wet-
lands meeting criteria in State and
Federal wetland regulations is not
known. Most of the floodplain
would be classified by the USFWS
as wetlands in the palustrine sys-
tem, but the floodplain also
includes some areas classified as
both wetlands and deepwater habi-
tats in the riverine and lacustrine
system (Cowardin and others,
1979; Brinson and others, 1981).



About 60 species of trees
occur in the bottomland forest of the
Apalachicola River floodplain
(Leitman and others, 1983). Mixed
bottomland hardwoods are domi-
nated by water hickory, sweetgum,
overcup oak, green ash, and
sugarberry, and grow in the areas of
higher elevation in the floodplain
(levees, ridges, and flats). Tupelo-
cypress swamps, also called
swamps in this report, grow in
depressions and areas of lower
elevation. Some of these swamps
are covered with standing water
year-round; others are inundated
much of the year but lack standing
water during the driest months of
September, October, and November.



Alluvial rivers contain a
variety of aquatic habitats that
occur outside the main channel of
the river but within the floodplain.
In this report, any part of the flood-
plain is considered to be aquatic
habitat when it is inundated; thus,
the amount of aquatic habitat in the
floodplain is very low during
droughts and very high during
floods. Connected aquatic habitat
is inundated and connected to the
main channel with a 2-way connec-
tion. In a 2-way connection, a
level or near-level water passage-
way exists between a floodplain
water body and the main channel,
allowing fish passage in both direc-
tions. One-way connections are
waterfalls or very shallow water
dropping into the main channel at
the mouths of streams. One-way
connections block access for main
channel fishes to enter streams, but
allow stream fishes to enter the
main channel. Isolated aquatic
habitat has no water passageways
connecting it to the main channel.
During the dry season, many
isolated aquatic habitats hold water
at levels that are higher than stages
in the main channel. A sill, or
controlling sill, is that part of a
streambed that determines the
elevation of the water connection
between the upstream and down-
stream parts of a stream, or
between a stream and the main
channel. Still-water habitat is any
aquatic habitat with nonflowing
water.



A floodplain stream is any
conduit of periodically or continu-
ously moving water in the flood-
plain that is of sufficient size and
development to have a recogniz-
able channel with bed and banks.
Perennial streams flow continu-
ously and intermittent streams
flow only during part of the year.



When intermittent streams are not
flowing, their streambeds may be
filled with water, may be partially
exposed with isolated pools
remaining in parts of the bed, or
may completely lack any surface
water. Loop streams (which can
be perennial or intermittent) are fed
by flow diverted from the main
channel that flows for a few miles
through the floodplain and then
back into the river farther down-
stream. A floodplain lake is an
open body of water that is not
flowing except during floods when
river water is moving through the
floodplain in a general downstream
direction. Tributary lakes are
open bodies of water in the flood-
plain that have characteristics of
both streams and lakes. They
usually have little or no flow
during very low, low, and medium
river flows. Most tributary lakes
are connected to the main channel
during low river flows. The linear
conformations of tributary lakes
suggest that they may be aban-
doned main channel courses of the
Apalachicola River. One of the
larger examples of a tributary lake
is Iamonia Lake (cover of this
report; fig. 2) which is approxi-
mately 5 mi in length and is nearly
as wide and deep as the main river
channel in some places. Tributary
lake systems often have connector
streams that divert flow from the
main channel into the tributary
lake. Tributary lakes and many
other streams and lakes are affected
at times by backwater, which
means that either river water has
moved into the stream or lake from
the main channel, or flowing water
in the stream or lake is retarded in
its course by water in the main
channel.
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he primary results of the study
are quantitative estimates of



the amount of aquatic habitat in the
floodplain in relation to the full
range of river flows. These
estimates can be used by water
managers to determine changes in
habitat that may result from flow
alterations. Flow reductions during
droughts are of particular concern;
they can decrease availability of
aquatic habitat in the floodplain at
a time when the amount of habitat
is already at a minimum. During
low and very low flows, aquatic
habitats in the floodplain that are
most affected by changes in river
flows are streams and lakes. Most
forested areas are not inundated
except during higher flows. In an
effort to address concerns about
impacts during droughts, field data
collection in this investigation was
designed to focus on streams and
lakes.



Estimates of the amount of
aquatic habitat in relation to flow
were made for every stream and
lake that is connected to the main
channel of the Apalachicola River
during very low, low, and medium
flows. The areal extent of aquatic
habitat in floodplain forests was also
quantified in this investigation, but
with less specific methods than
those used for streams and lakes.
Representative floodplain forest
data were generalized for each
major reach of the river, rather than
calculated with site specific esti-
mates. Most of the floodplain forest
data used in this report were col-
lected in previous studies (Leitman,
1978, 1984; Leitman and others,
1983; Mattraw and Elder, 1984;
Light and Darst, 1997).



METHODS OF STUDY



T



Intensive Study Areas and
General Survey Sites



Data collection in this study
focused on floodplain streams and
lakes that were connected to the
main channel of the Apalachicola
River at low and medium flows.
Measurements and observations
were made at intensive sites many
times throughout the study period,
but usually only once at general
survey sites.



Four intensive study areas
were selected to represent major
types of floodplain streams in the
upper, middle, and nontidal lower
reaches of the river (fig. 2). In the
floodplain of the upper reach,
which extends from river mile 77.4
to 106.3, there are many perennial
and intermittent streams that
receive water from upland
streams. Intensive study areas were
selected in the upper reach at Flat
Creek to represent perennial
streams and at Johnson Creek to
represent intermittent streams. Flat
Creek has a drainage area of 52 mi2



(Foose, 1981) most of which lies
east of the floodplain of the
Apalachicola River. For its most
downstream 2 mi, Flat Creek flows
through the river floodplain and
joins the Apalachicola River at
river mile 99.6. Johnson Creek
receives intermittent drainage
from upland streams west of the
Apalachicola River floodplain. For
its most downstream 1.5 mi,
Johnson Creek lies in the river
floodplain, joining with the inter-
mittent drainage of another smaller
unnamed stream before it joins the
Apalachicola River at river
mile 94.0.



Large tributary lakes
affected by backwater from the
Apalachicola River are the most
prominent hydrologic features in
the floodplain of the middle reach



(river mile 42 to 77.4) and lower
reach (river mile 20.6 to 42). Iamo-
nia Lake (mouth at river mile 55.8)
and its associated tributaries were
selected as an intensive study area
to represent tributary lake systems
in the middle reach. River Styx
(mouth at river mile 35.3) and its
associated tributaries were
selected as an intensive study area
to represent tributary lake systems
in the nontidal lower reach. During
low river flows, both Iamonia Lake
and River Styx receive little water
from upland drainage (probably
less than 1 ft3/s).



Approximately 300 general
survey sites were located at the
mouths of most floodplain streams
that met at least one of the follow-
ing criteria: (1) streams were
shown on USGS 7.5-minute quad-
rangle maps; (2) streams were
apparent on 1:65,000 scale color
infrared aerial photographs taken
November 1979 by National
Oceanic and Atmospheric Admin-
istration; or (3) streams were
observed in the field to have
streambed elevations low enough
to be connected to the main river
channel during very low, low, or
medium flows. Most general
survey sites were located at mouths
of streams tributary to the Apalach-
icola River; however, some sites
were located at mouths of streams
tributary to the lower Chipola
River and a few of the large tribu-
tary lakes, such as Florida River
and Kennedy Creek (fig. 2).



Hydrologic Data Collection
and Analysis



Hydrologic data for the study
were obtained from four long-term
surface-water gaging stations
located on the Apalachicola River
(fig. 2) at Chattahoochee (station
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number 02358000), near Blount-
stown (station number 02358700),
near Wewahitchka (station number
02358754), and near Sumatra
(station number 02359170). At
the Chattahoochee gage, nearly-
continuous daily stage data were
collected by the National Weather
Service (NWS) from October 1921
until September 1928, and daily
stage and flow data have been
collected by the USGS from
October 1928 to the present (1995).
A regression relation between daily
stages measured at the Blount-
stown gage and 1-day lagged daily
stages at the Chattahoochee gage
was used to estimate stages at the
Chattahoochee gage for missing
NWS stage data prior to 1929.
Daily discharge data were esti-
mated for the period 1922-28
using the NWS stage data and a
composite pre-entrenchment stage-
discharge rating for Chattahoochee
based on 190 discharge measure-
ments made from 1929 to 1951
(Light and others, 1993). Daily
stage data for the Apalachicola
River near Blountstown were
collected by the NWS from 1920 to
1957 and by the USACE (Mobile
District) from 1957 to the present.
Missing data at the Blountstown
gage were estimated using the
Chattahoochee-Blountstown
regression relation. Daily stage
data for the Apalachicola River
near Wewahitchka were collected
by the USACE from October 1955
to September 1957 and October
1965 to the present. Daily stage
and flow data for the Apalachicola
River near Sumatra were collected
by the USGS from September 1977
to the present. Flows below
15,000 ft3/s at the Sumatra gage
(river mile 20.6) are generally
affected by tides. Tidal fluctuation
is approximately 0.5 ft at very low



flows. Tidal effects do not occur at
river mile 36 or at the Wewa-
hitchka gage (river mile 42). In this
report, the lower reach of the study
area was considered to be nontidal
because tidal effects are minor at
the downstream end of the reach
and absent in the upper part of the
reach.



Records at the Chatta-
hoochee gage were selected for
analysis of long-term flow because
of the location of the gage at the
head of the Apalachicola River, the
long period of record available
(1922-95), and the continuity of the
data. A variety of monthly, annual,
and multiple-year duration tables
of daily mean flows for the period
of record were generated. Nonex-
ceedance durations (durations that
flows were below given flow
values) were calculated for flows of
4,000 to 16,000 ft3/s. Exceedance
durations (durations that flows
were above given flow values)
were calculated for flows of 16,000
to 200,000 ft3/s. Annual and multi-
ple-year durations calculated for
flows of 4,000 to 16,000 ft3/s were
based on climatic years from
April 1 to March 31 to avoid split-
ting low flow periods that typically
occur in summer and fall. Annual
durations calculated for flows of
16,000 to 200,000 ft3/s were based
on water years from October 1 to
September 30 to avoid splitting
high flow periods that typically
occur in winter and spring. Annual
nonexceedance durations for flows
of 4,000 to 16,000 ft3/s were calcu-
lated two ways: (1) greatest num-
ber of consecutive days per year,
and (2) total number of days per
year that flows were below given
flow values. All remaining dura-
tions were calculated based on total
number of days per year (which are
not necessarily consecutive).



Statistical analyses of duration
tables were conducted to generate
frequency information (medians
and percentiles).



Stage-discharge ratings
reflecting channel conditions prior
to entrenchment and present
(entrenched) channel conditions
were developed at both the
Chattahoochee and Blountstown
gages. The composite pre-
entrenchment stage-discharge
rating for 1929-51 (described
previously) was used at Chatta-
hoochee. The pre-entrenchment
stage-discharge rating for Blount-
stown was based on pre-entrench-
ment stage at Blountstown from
1929 to 1951 in relation to 1-day
lagged flow at Chattahoochee.
For present conditions at Chatta-
hoochee, the 1995 stage-discharge
rating was used. For present condi-
tions at Blountstown, unit values
at Blountstown were plotted in
relation to flow at Chattahoochee
using a variety of lag times. The
plot with the least amount of
scatter (17 hours) was selected
and a rating representing average
conditions was developed from a
hand-fitted line drawn through the
points on the plot.



Water-level measurements
at intensive study areas were made
periodically at a total of 56 refer-
ence point (RP) locations: 23 in the
upper reach (8 on Flat Creek, 3 on
the main channel near Flat Creek, 2
in an isolated swamp near Flat
Creek, and 10 on Johnson Creek),
14 in the middle reach (10 on
Iamonia Lake and associated tribu-
taries, 3 on the main channel near
Iamonia Lake, and 1 on a pond
near Iamonia Lake), 19 in the non-
tidal lower reach (14 on River Styx
and associated tributaries, 4 on the
main channel near River Styx, and
1 in an isolated swamp near River
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Styx). RP locations are identified
on maps of the intensive study
areas in a previous report (Light
and others, 1995, figs. 2-5). Nails
in trees were used as the fixed
point from which water levels were
measured with a tape and weight.
A total of 471 water-level measure-
ments were made at RP locations
from June 1993 to September
1994. Most of the RP measure-
ments were made during very low,
low, or medium flows; however, a
few measurements were made at
higher flows to establish an
approximate elevation relative to
sea level for each RP. Visual obser-
vations of the movement of float-
ing debris were used to estimate
velocity (to nearest 0.2 ft/s) at
floodplain RPs at the same time
that most water-level measure-
ments were taken.



Daily or hourly stage and
flow data and stage-discharge rat-
ings at all four long-term gages and
an additional gage at river mile 36
(station number 023587547,
approximately 8 mi downstream of
the Wewahitchka gage) were used
in conjunction with water-level
measurements at the RP locations
to determine relations between
flow at the Chattahoochee gage and
stage at intensive study areas. For
streams and lakes at the general
survey sites, stage-discharge rat-
ings relating stage at representative
locations in each major reach of the
river to flow at Chattahoochee were
developed by interpolation
between gages. The representative
rating for the upper reach was
selected at river mile 94.1 (mouth
of Johnson Creek) and for the mid-
dle reach at river mile 58.7 (near
Iamonia Lake). Two ratings were
chosen for the nontidal lower
reach, one at river mile 35.2
(mouth of River Styx) for the



upstream half of the lower reach,
and one at river mile 26.0 (mouth
of Kennedy Creek) for the down-
stream half of the lower reach. A
representative rating for pre-
entrenchment conditions in the
upper reach at river mile 94.1
(mouth of Johnson Creek) was
developed by interpolation
between pre-entrenchment ratings
at the Chattahoochee and Blount-
stown gages. Previously published
ratings (Leitman and others, 1983,
fig. 16) were used for some of the
floodplain forest data in the upper
reach. Ratings were developed by
interpolation between gages for all
other forest data.



The flow at Chattahoochee at
which each floodplain stream and
lake was connected to the main
channel was estimated from field
observations by the following
method. A single field visit was
made to each of the 300 general
survey sites to determine the differ-
ence between the water level of the
Apalachicola River and the eleva-
tion of the streambed (or control-
ling sill if present). An elevation
for the river level at each observa-
tion site was determined by
calculating lagged flow at
Chattahoochee at the time of the
observation. This flow was
converted to stage using the repre-
sentative rating for the appropriate
reach of the river. For streams
connected to the river at the time of
the observation, depths were deter-
mined by poling with a graduated
rod in shallower areas and with a
depth sounder in deeper areas. For
streams not connected at the time
of observation, visual estimates of
the elevation (to nearest 0.5 ft) of
the streambed or controlling sill
above the river level were made at
most sites. A hand level and gradu-
ated rod were used when the sill



was too far from the river to esti-
mate visually. An example of a
general survey site, at which the
connecting flow was determined by
adding the elevation of the stre-
ambed to the connecting stage, is
shown in figure 3.



Field observations at most
general survey sites were used in
conjunction with lagged discharge
at the Chattahoochee gage at the
time of the field visit to determine
Chattahoochee flows at which
streams were connected to the main
channel. A variation of this method
was required in the downstream
half of the nontidal lower reach
because of variability introduced
by the greater distance from
Chattahoochee and the input
from the Chipola River. Relations
between flow at Chattahoochee and
stage at the Sumatra gage were
determined for average conditions
by drawing a hand-fitted line
through a scatter plot of Sumatra
daily mean stages for the period
of record in relation to lagged
Chattahoochee flow. Stages at the
Sumatra gage at the time of field
observations in the downstream
half of the nontidal lower reach
were converted to average
Chattahoochee flows using this
rating. All field observations for
this part of the lower reach were
made during periods when stages at
the Sumatra gage were not showing
tidal fluctuations.



Characterization of
Floodplain Habitats



Characterization data of
floodplain habitats included widths
and lengths (or areas) of floodplain
features, land surface elevations,
general soil type, and amount of
live or dead vegetative structure.
Methods used to characterize
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streams and lakes were different
than those used to characterize
forests.



Floodplain streams and
lakes.--Characterization data were
collected at 27 cross-section
locations in the intensive study areas.
Cross-section locations were selected
to represent the most common types
of floodplain streams (based on
stream width and general forest type
bordering the stream) in each major
reach of the river, as determined
from color infrared aerial photo-
graphs and USGS quadrangle maps.
Of the 27 cross sections, there were 6
in the upper reach (3 on Flat Creek
and 3 on Johnson Creek), 9 in the
middle reach (3 on Iamonia Lake and
6 on tributaries of Iamonia Lake),
and 12 in the nontidal lower reach (6
on River Styx and 6 on tributaries of
River Styx). Cross-section locations
are identified on maps of the inten-
sive study areas in a previous report
(Light and others, 1995, figs. 2-5).



Most of the cross sections
established on floodplain streams
were perpendicular to the channel,
with end points at recognizable top-
of-bank elevations on either side of
the channel (fig. 4). In some cases
where streambanks were very low,
cross sections included several hun-
dred feet of low forest adjacent to
the stream. Surveyed cross sections
ranged in length from 50 to 1,300 ft.
Length of all 27 cross sections
totaled approximately 7,000 ft.



At the time of the survey,
cross sections were divided into
segments based on breaks in slope,
or relatively homogeneous soil
type or vegetative structure (fig. 4).
The horizontal length of each
segment was measured with a
fiberglass measuring tape. Vertical
elevation in relation to the water
level was determined at the end-
points of each segment with a



Figure 3. Example of general survey site with floodplain stream disconnected
from the Apalachicola River at the time of observation. This unnamed stream
at river mile 59.7 in the middle reach of the river had a streambed
approximately 3.5 feet above the water level of the river when lagged flow was
9,600 cubic feet per second at the Chattahoochee gage. Using a stage-
discharge rating representative of the middle reach of the river, the flow at the
Chattahoochee gage at which this stream would be connected to the main
channel was determined to be about 16,000 cubic feet per second.
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tripod-mounted level and gradu-
ated rod. Elevations of the two end-
points of each segment were
averaged to determine the segment
elevation that was used in data
analysis. General soil type in each
segment was classified as silt/clay,
sandy, or organic. The amount of
vegetative structure was visually
estimated for each segment from
the percent of the segment length
that intersected live vegetation,
woody debris, or other vegetative
matter within 3 ft of the ground.
Vegetative structure was recorded
in the following categories: less
than 15 percent, 15 to 35 percent,
35 to 65 percent, 65 to 85 percent,
and greater than 85 percent.



Observations at other loca-
tions in intensive study areas and at
most general survey sites included
visual estimates (to nearest 1 ft) of



Figure 4. Example of cross section divided into segments based on breaks in
slope and relatively homogeneous vegetative structure.  Soil type is silt-clay in
all segments of the cross section.  The estimated stages shown for the cross
section were based on long-term flow statistics at the Chattahoochee gage
(1922-95) and were determined by interpolation between gages. An
adjustment was made to the estimated stage for the median annual 1-day low
flow to reflect the lowest observed water level at the cross section. The cross
section is located 1,450 feet upstream of mouth of Johnson Creek in the upper
reach of the Apalachicola River.
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the width of the streambed (seg-
ment numbers 7-10 in fig. 4), width
of the remaining channel to top of
banks (segment numbers 1-6 and
11-15 in fig. 4), heights of banks,
and presence or absence of water in
the streambed.



Widths of the larger streams,
lengths of all streams, and surface
areas of all lakes were determined
using map coverages and digital
image data in GIS files. Other types
of information such as drainage
basin configuration and extent, and
adjacent forest types were obtained
from GIS files when needed to
characterize parts of streams that
were not observed in the field. GIS
files contained digital image data
consisting of 1979 color infrared
aerial photography scanned at a
resolution having a pixel size of
5.9 ft on the ground, and map



coverages consisting of USGS
7.5-minute quadrangle maps and a
forest map of the Apalachicola
River floodplain (Leitman, 1984).



Floodplain forests.--Most
of the floodplain forest data used in
this report were collected during a
USGS study from 1979 to 1982
known as the Apalachicola River
Quality Assessment (ARQA).
Results of this previous study
included land surface elevations
and forest types at 223 sample
points located on 7 line transects
crossing the Apalachicola River
floodplain (Leitman and others,
1983, fig. 34) and a map showing
areal extent of forest types
(Leitman, 1984). Major floodplain
forest types in these reports were
mixed bottomland hardwoods and
tupelo-cypress. Other sources of
forest data used to supplement the
ARQA data were land surface
elevations, general soil type, vege-
tative structure, and forest types on
the forested parts of 5 of the
27 cross sections at the intensive
study areas (in the present study);
land surface elevations, vegetative
structure, and forest type on
21 circular plots located at the
intensive study areas (Light and
Darst, 1997); and land surface
elevations, soil type, and forest
types at 2 belt transects located
near the Blountstown and
Wewahitchka gages (Leitman,
1978).



Land surface elevations, soil
type, and vegetative structure for
each forest type in each major reach
of the river were summarized from
the various sources of data listed
above. Estimates of soil type by for-
est type were made using soils data
reported by Leitman (1978), sedi-
ment grain size data for ARQA sites
(Mattraw and Elder, 1984, p. 61),
and general soil type observations
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collected on the forested parts of the
cross sections at the intensive study
areas (in the present study). Esti-
mates of percent cover of vegetative
structure by forest type were made
using structure data collected on the
forested parts of the cross sections
at the intensive study areas and at
forest plots described by Light and
Darst (1997).



Figure 5. Flowchart for determining amount of aquatic habitat in floodplain streams, lakes, and forests in relation to
flows in the Apalachicola River.  (ARQA, Apalachicola River Quality Assessment; GIS, Geographic Information System)
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The previously published
map of forest types (Leitman,
1984) was digitized for use in GIS.
Minor corrections to polygon
boundaries were made to adapt the
map to the more detailed scale used
in GIS coverages in this study.
Areas of each forest type in each
reach were computed from the new
GIS version of the map.



Computations of Amount
of Aquatic Habitat in
Relation to River Flow



Final products of this investi-
gation consisted of amounts of
aquatic habitat in relation to river
flow presented in a variety of for-
mats (fig. 5). These products were
generated by combining habitat











14 Aquatic Habitats in Relation to River Flow in the Apalachicola River Floodplain, Florida



characterization with hydrologic
data.



Final results are expressed in
relation to river flow rather than
stage, although stage is more
directly related to hydrologic con-
ditions in floodplain habitats than
flow. River stages decline as the
river flows downstream from the
upper to lower end of the study
area, and range in stage decreases
as the floodplain gets wider and
flatter near the coast. Thus, rela-
tions of floodplain habitats to river
stage cannot be easily compared
between sites on the river and can-
not be summarized by reach or for
the entire river. Flow, on the other
hand, is relatively consistent
throughout much of the river and
flow relationships can be estab-
lished between reaches. Addition-
ally, expressing results in terms of
flow at the head of the river makes
the results directly usable for water
managers in determining releases
from Jim Woodruff Dam and other
upstream reservoirs. In this report,
elevations of floodplain habitats
were initially related to stage and
then stage was converted to flow to
allow comparisons and summaries
of data from different sites.



Area of aquatic habitat was
calculated for 36 discrete flow val-
ues which were selected to provide
greater detail at very low, low, and
medium flows, and lesser detail at
higher flows. Flow values used in
this analysis were set at intervals of
1,000 ft3/s, from 2,000 to
23,000 ft3/s. Intervals gradually
increased with increasing flows;
remaining flow values were set at
25,000, 27,000, 29,000, 31,000,
33,000, 35,000, 40,000, 45,000,
55,000, 65,000, 75,000, 100,000,
140,000, and 200,000 ft3/s. This set
of flow values represents the full
range of flows in the Apalachicola



River from extreme low to extreme
high. The lowest daily mean flow
at the Chattahoochee gage in
the 74-year period of record was
3,900 ft3/s (Nov. 15-16, 1987)
and the lowest instantaneous flow
was 2,570 ft3/s (Aug. 6, 1986).
Extremely low flows of 2,000 ft3/s
are included to provide habitat data
in the event that a decreasing trend
in flows occurs in the future.



Three variables were chosen
to characterize hydrologic condi-
tions in aquatic habitats in relation
to river flow because of their
importance to fish and aquatic
invertebrate populations: depth,
connection depth, water velocity,
general soil type, and vegetative
structure. Depth indicates average
water depth of the habitat, whereas
connection depth is the depth of the
water at the shallowest control
point along the connecting pas-
sageway from the habitat to the
main river channel. For many habi-
tats, depth and connection depth
have the same value, but in isolated
pools and ponds at low flows,
depths are sometimes 1 to 3 ft
when connection depth is zero.
Depths and connection depths were
grouped into five categories for
analysis: 0.01 to 0.49, 0.50 to 0.99,
1.00 to 2.99, 3 to 6, and greater
than 6 ft. Two additional categories
were used for connection depth:
1-way connection (preventing
access for fishes from river to
floodplain) and no connection.
There were three categories for
water velocity: 0, 0.1 to 0.5, and
greater than 0.5 ft/s.



Floodplain streams and
lakes.--All floodplain streams and
lakes connected to the main chan-
nel at very low, low, and medium
flows were divided into reaches
that were relatively homogeneous
with regard to channel width and



thalweg depth. One of the cross
sections from an intensive study
area in the same major reach of the
river was selected and modified to
represent each homogeneous
stream reach. Modifications
included changes in elevation,
channel width, thalweg depth, bank
heights, soil type, or vegetative
structure. Most floodplain lakes
were linear in shape, allowing
cross sections from large streams to
be used, with modifications, to
represent lakes. Dimensions and
characteristics for many reaches
were determined by field observa-
tions. For each stream reach that
was not observed in the field, a
known reach that appeared similar
to the unknown reach on aerial
photos and maps was identified,
and a cross section from the known
reach was applied.



Using the representative
ratings for each major reach of the
river, and the flow at Chattahoochee
at which each floodplain stream and
lake was connected to the main
channel (described in the section
entitled “Hydrologic data collection
and analysis”), cross-section eleva-
tions were related to flow at Chatta-
hoochee. When river flows
exceeded the connecting flow for a
stream or lake, depths were calcu-
lated for each individual segment of
the cross section by comparing the
segment elevation to stages in the
representative rating. Similarly, con-
nection depths were calculated for
cross-section segments by compar-
ing the controlling sill elevation to
stages in the rating. When river
flows were below the connecting
flow, all cross-section segments
were disconnected from the main
river channel. For each cross
section, the area and depth of iso-
lated pools (if any) when the stream
or lake was disconnected was
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estimated based on observations of
that stream reach or similar reaches.
Velocities were estimated for each
stream reach and for each flow
value based on field observations of
that stream reach or similar reaches.



For each segment of the
cross section, the segment width
was multiplied by the length of the
stream reach to determine the area
in acres. All area data were sum-
marized for each major reach of the
river, and the resulting data file
contained the area in acres of many
different aquatic stream and lake
habitats, each with a unique combi-
nation of characteristics (soil type,
vegetative structure, depth, connec-
tion depth, and velocity) at each of
the 36 flow values.



Floodplain forests.--Each
forest transect had a stage-
discharge rating relating stage at
the transect with flow at Chatta-
hoochee. Transects were divided
into segments based on elevations
that corresponded to stages in the
rating for each of the 36 flow inter-
vals. The flow at which each seg-
ment of the transect was inundated
and connected to the main channel
was determined using the appropri-
ate rating. When river flows
exceeded the connecting flow for a
transect segment, depths were
calculated for the segment by com-
paring the segment elevations to
stages in the rating. When river
levels were below the connecting
flow, the segment was considered
to be nonaquatic, unless the
transect had been observed (either
in this study or in previous studies)
to have isolated pools of standing
water during the dry season.



Water velocities were esti-
mated for each forest type and for
each flow value based on field
observations of velocities in that
forest type in this or previous stud-
ies. Estimates of soil type and veg-
etative cover were determined for



each forest type using methods
described previously.



For each major reach of the
river, lengths of inundated transect
segments of each forest type in
each elevation category were sum-
marized and then converted to the
percentage of the total transect
length in that forest type. Percent-
ages were then multiplied by the
total area of each forest type in
each major reach of the river. The
resulting data file contained the
area, in acres, of many different
aquatic forest habitats, each with a
unique combination of characteris-
tics (soil type, vegetative structure,
depth, connection depth, and veloc-
ity) at each of the 36 flow values.



Analysis of combined data
for streams, lakes, and forests.--
Areal data for streams and lakes
were merged with areal data for
forests for each major reach of the
river and for the nontidal river as a
whole. Analyses of the data were
conducted to generate final prod-
ucts in three different formats
(fig. 5): (1) a list of lengths and
locations of individual streams and
lakes connected at very low, low,
and medium flows; (2) flow-area
curves showing the area of aquatic
habitat in relation to the full range
of flows at Chattahoochee for a
variety of habitat characteristics;
and (3) maps generated from GIS
coverages for each major reach of
the river showing streams, lakes,
and forests connected to the main
river channel at selected low,
medium, and medium-high flows.



ydrologic conditions are a pri-
mary factor in the creation



and maintenance of river flood-
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plains. River flow builds floodplain
features such as levees and ridges
by depositing sediments during a
flood. Floodplain streams and lakes
are created from old river channels
when the river changes course.
River flow erodes the banks and
beds of floodplain streams when
velocities are high enough to scour
sediments and carry them down-
stream. Changes in river stage
alternately connect and disconnect
floodplain water bodies, changing
the conditions for fishes and
aquatic invertebrates, as well as for
vegetation and other biota. In this
section of the report, duration and
frequency statistics of the long-
term flow record of the Apalachi-
cola River based on monthly,
annual, and multiple-year periods
of analysis are presented. This
information is important in assess-
ing impacts of flow alterations
because it can be used to make
comparisons between altered flows
and historical flows. This section
ends with a discussion of altered
stages that have occurred as a result
of entrenchment in the upper river.



All statistical analyses were
based on daily mean flows of the
74-year period of record at
Chattahoochee, Fla., from 1922 to
1995. Previous hydrologic analyses
conducted on flow records through
the year 1980 compared flows
before and after construction of Jim
Woodruff Dam, and concluded that
climatic fluctuations were prima-
rily responsible for higher flows
after construction of the dam
(Maristany, 1981; Leitman and oth-
ers, 1983). The river experienced
periods of severe drought immedi-
ately following those analyses;
annual low flows in 1981, 1986,
1987, and 1988 were lower than in
all previous years for the period of
record. This raises the possibility
that flows are exhibiting a slightly
decreasing trend over time;
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74-year period of record the
median flow of the Apalachicola
River at Chattahoochee was
approximately 16,400 ft3/s, with a
typical annual range of flows from
8,490 to 86,200 ft3/s (table 1). The
lowest daily mean flow in the
period of record was 3,900 ft3/s in
November 1987, and the highest
was 291,000 ft3/s in March 1929.



Very Low to Medium Flows



The greatest number of
consecutive days and total number
of days per year that flows were
below given flow values (annual
nonexceedance durations) of 4,000
to 16,000 ft3/s for the period
1922-95 are presented in table 2.
The durations that occurred under
normal or typical conditions are
represented by the median dura-
tions. Durations in drier years are
represented by the 10th- and 25th-
percentile durations, and in wetter
years by the 75th- and 90th-percen-
tile duration. The greatest number
of consecutive days and total num-
ber of days in each individual year
from 1922 to 1995 are presented in
appendix IA and IB, respectively.



In a typical year, daily mean
flows less than 8,000 ft3/s did not
occur in the Apalachicola River at



Table 1. Basic flow characteristics of Apalachicola River at Chattahoochee, Florida, 1922-95
[Median annual 1-day low flow is based on annual periods using climatic years of April 1–March 31 to avoid splitting low flow periods that typically occur
in summer and fall. Median annual 1-day high flow is based on annual periods using water years of October 1–September 30 to avoid splitting high flow
periods that typically occur in winter and spring]



Flow descriptor Flow value, in cubic feet per second
(with dates of lowest and highest flows)



Flow records used in analysis



Number of
years Period analyzed



Lowest 1-day flow 3,900 (November 15-16, 1987) 74.5 October 1921–March 1996



Median annual 1-day low flow 8,490 74 April 1922–March 1996



Median flow 16,400 74.5 October 1921–March 1996



Median annual 1-day high flow 86,200 74 October 1921–September 1995



Highest 1-day flow 291,000 (March 20, 1929) 74.5 October 1921–March 1996



however, low flows during the
1950’s drought were of longer
duration than in the 1980’s. Com-
parisons of the two drought periods
will be discussed later in this sec-
tion. Trend analysis with an exami-
nation of associated climatic
differences is needed to determine
if a trend exists. In the absence of a
documented trend, the entire period
of record was preferred for analysis
of flow characteristics.



Because of both the possible
trend in the record and the flow reg-
ulation that has occurred since con-
struction of Jim Woodruff Dam, the
use of predictive frequency statistics
such as recurrence intervals was
avoided in this study. Frequency
information is instead described in
terms of median and percentiles of
flows that have occurred during the
74-year period of record. In unregu-
lated streams having long-term
record with no trends, the median
flow is approximately equivalent to
the 2-year recurrence interval flow,
and the 10th, 25th, 75th, and 90th
percentile flows are approximately
equivalent to the 10-, 4-, 1.33-, and
1.11-year recurrence interval flows,
respectively.



River flow fluctuates greatly
from low-water to high-water peri-
ods within each year as well as
from one year to the next. In the



Chattahoochee. Flows less than
9,000 ft3/s occurred in a typical year
with a duration of 6 consecutive
days or 13 total days. Flows less
than 16,000 ft3/s occurred for 93
consecutive days or 179 total days
(approximately half of the year).



Flows less than 8,000 ft3/s
occurred in 34 of the 74 years of
record (app. I). Flows less than
8,000 ft3/s occurred with a duration
of 64 consecutive days at the 10th
percentile, and 20 consecutive days
at the 25th percentile (table 2).
Flows less than 6,000 ft3/s occurred
in 15 years of the period of record.
Flows under 5,000 ft3/s were rare,
occurring in only 4 years in the
74-year period of record (1981,
1986, 1987, and 1988). Flows
under 4,000 ft3/s were exception-
ally rare and occurred for only
3 days in 1987 (table 2; app. I).



In 19 of the 74 years of
record, flows less than 10,000 ft3/s
did not occur (app. I). In the two
wettest years (1948 and 1975), the
lowest daily mean flow was
12,400 ft3/s.



Normal and extreme flows
must be defined to understand
known limits of hydrologic condi-
tions that have been experienced by
biological communities in the sys-
tem. For example, some streams
are continuously connected and
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Table 2. Greatest number of consecutive days and total number of days per year
that flow was below given flow values from 4,000 to 16,000 cubic feet per second
in the Apalachicola River at Chattahoochee, Florida
[Period of record analyzed is 1922-95. Analysis is based on climatic years of April 1–March 31 to
avoid splitting low-flow periods that typically occur in summer and fall. In each column, durations are
expressed first (in bold) in greatest number of consecutive days per year, and second (in italics) in total
number of days per year, which are not necessarily consecutive. Percentiles indicate frequency of dura-
tions over 74-year period of record]



Flow
value, in
cubic feet



per second



Greatest number of consecutive days and total number of days per year that
flow was below given flow value for indicated percentile



Extreme
(dry)



10th
percentile



25th
percentile



Median
(50th



percentile)



75th
percentile



90th
percentile



Extreme
(wet)



4,000 3 3 0 0 0 0 0 0 0 0 0 0 0 0



5,000 20 29 0 0 0 0 0 0 0 0 0 0 0 0



6,000 64  67 12 14 0 0 0 0 0 0 0 0 0 0



7,000 80 115 49 68 5 8 0 0 0 0 0 0 0 0



8,000 122 166 64 96 20 36 0 0 0 0 0 0 0 0



9,000 144 208 81 137 45 63 6 13 0 0 0 0 0 0



10,000 192 227 98 157 60 95 19 37 0 0 0 0 0 0



11,000 241 241 110 182 76 133 29 65 9 15 0 0 0 0



12,000 244 261 138 205 105 155 52 92 19 46 7 13 0 0



13,000 256 283 163 227 109 178 61 120 27 72 16 27 2 5



14,000 286 291 179 242 123 197 71 139 36 93 27 41 3 11



15,000 292 303 205 259 129 214 82 160 52 115 32 76 5 17



16,000 293 308 211 267 138 229 93 179 57 130 39 89 8 31



flowing under normal and even
drier than normal conditions, but
are disconnected and become a
series of stagnant, isolated pools
during severe droughts. Fish and
aquatic invertebrate populations
that require flowing, oxygenated
water are greatly reduced during
droughts and may not be fully
restored for years, depending upon
the resiliency of individual species,
the proximity of aquatic habitat
that might provide a source for
restocking, and the amount of
recovery time before the next
drought (Starrett, 1951; Larimore
and others, 1959; Taylor, 1983).



Year-to-year variability is an
important aspect of hydrologic
fluctuation that affects the opportu-
nity for recovery between
droughts. The year-to-year vari-
ability of lower flows is graphically
depicted in figure 6, which shows
the lowest 5 percent of daily mean



Figure 6. Lowest 5 percent of daily mean flows in the Apalachicola River at Chattahoochee, Florida, 1922-95.
The 1,350 daily mean flows depicted in this graph were not affected by filling of the reservoir at Lake Seminole except for
2 days with daily means of 7,060 ft3/s in 1954. Almost all reservoir filling occurred during periods when flows were greater
than 8,000 ft3/s (U.S. Army Corps of Engineers, 1985).
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Table 3. Number of days per year for multiple-year periods that flow was below
given flow values from 4,000 to 16,000 cubic feet per second in the
Apalachicola River at Chattahoochee, Florida
[Period of record analyzed is 1922-95. Analysis is based on climatic years of April 1–March 31 to
avoid splitting low flow periods that typically occur in summer and fall. Durations are expressed in
total number of  days per year, which are not necessarily consecutive]



Flow value,
in cubic feet per



second



Median duration in which flow was below given
flow value, in number of days per year



for multiple-year period



Two
consecutive



years



Three
consecutive



years



Four
consecutive



years



Five
consecutive



years



4,000 0 0 0 0



5,000 0 0 0 0



6,000 0 0 0 0



7,000 0 0 0 0



8,000 0 0 0 0



9,000 0 0 0 0



10,000 6 0 0 0



11,000 26 11 4 3



12,000 52 38 16 12



13,000 76 62 58 48



14,000 105 92 85 83



15,000 120 114 111 92



16,000 136 129 125 104



Flow value,
in cubic feet per



second



Maximum duration in which flow was below given
flow value, in number of days per year



for multiple-year period



Two
consecutive



years



Three
consecutive



years



Four
consecutive



years



Five
consecutive



years



4,000 0 0 0 0



5,000 6 6 0 0



6,000 54 11 11 0



7,000 83 42 23 0



8,000 114 101 53 4



9,000 145 139 80 31



10,000 190 177 99 63



11,000 208 199 117 83



12,000 227 214 142 122



13,000 257 248 167 138



14,000 271 258 182 160



15,000 278 268 202 174



16,000 292 273 223 182



flows in relation to time. Nonexceed-
ance durations for multiple-year peri-
ods of 2 to 5 years are shown in
table 3. The upper part of table 3
shows median durations and the
lower part shows maximum dura-
tions for all multiple-year periods in
the 74-year period of record. For
example, flows less than 9,000 ft3/s
occurred for a total of 13 days in a
typical single year (table 2), but typi-
cally did not occur for two consecu-
tive years (upper part of table 3).
Flows less than 10,000 ft3/s occurred
for a total of 37 days in a typical
single year and 6 days per year for
two consecutive years under normal
conditions, but typically did not
occur for three consecutive years. All
possible combinations of 2, 3, 4, or
5 years were used to determine the
durations in table 3. Appendix IB
gives the durations for each individ-
ual year that were used to develop
this table.



The droughts of the 1980’s
were the most severe in terms of
single-year low flow durations;
however, the 1950’s drought was
drier in terms of multiple-year dura-
tions (fig. 6; app. IB). More than
three-quarters of the maximum
multiple-year flow durations shown
in the lower part of table 3 occurred
in the extended drought period of
1954-58; most of the remaining
durations occurred during 1984-88.
Very low flows occurred at other
times from 1922-95, but typically
occurred in a single year with flows
that were not as low as in the 1950’s
or 1980’s and with a return to more
normal flows the following year.



Seasonal fluctuation is
another characteristic of river flow
that has important effects on
biological processes. Many fishes
require spawning sites in spring and
summer, and structural cover for
juveniles following spawning (Lee
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Table 4. Number of days per month that flow was below given flow values from
4,000 to 16,000 cubic feet per second in the Apalachicola River at Chattahoochee,
Florida
[Period of record analyzed is 1922-95. Durations are expressed in total number of days per month, which
are not necessarily consecutive]



Flow
value,



in cubic
feet per
second



Median number of days per month that flow was below given flow value



April May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.



4,000 0 0 0 0 0 0 0 0 0 0 0 0



5,000 0 0 0 0 0 0 0 0 0 0 0 0



6,000 0 0 0 0 0 0 0 0 0 0 0 0



7,000 0 0 0 0 0 0 0 0 0 0 0 0



8,000 0 0 0 0 0 0 0 0 0 0 0 0



9,000 0 0 0 0 0 0 0 0 0 0 0 0



10,000 0 0 0 0 0 4 10 6 0 0 0 0



11,000 0 0 0 0 0 10 18 16 0 0 0 0



12,000 0 0 2 6 6 18 23 23 4 0 0 0



13,000 0 1 8 11 13 23 29 26 10 0 0 0



14,000 0 3 11 16 17 26 31 29 14 0 0 0



15,000 0 5 15 18 22 29 31 30 15 0 0 0



16,000 0 6 19 21 24 30 31 30 19 2 0 0



Flow
value,



in cubic
feet per
second



Maximum number of days per month flow was below given flow value



April May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.



4,000 0 0 0 0 0 0 0 3 0 0 0 0



5,000 0 0 0 0 25 4 0 6 0 0 0 0



6,000 0 0 0 1 31 30 31 30 6 1 0 0



7,000 0 1 15 31 31 30 31 30 23 20 0 0



8,000 0 5 28 31 31 30 31 30 24 24 0 0



9,000 0 20 30 31 31 30 31 30 26 26 7 0



10,000 2 26 30 31 31 30 31 30 31 31 10 0



11,000 7 31 30 31 31 30 31 30 31 31 23 0



12,000 12 31 30 31 31 30 31 30 31 31 26 4



13,000 15 31 30 31 31 30 31 30 31 31 28 22



14,000 18 31 30 31 31 30 31 30 31 31 28 26



15,000 26 31 30 31 31 30 31 30 31 31 28 31



16,000 27 31 30 31 31 30 31 30 31 31 28 31



and others, 1980; Savino and
Stein, 1982). Availability of
additional food sources in
inundated forests helps fishes
meet increased energetic
needs for reproduction and
growth (Killgore and Baker,
1996). Timing of floods
affects the delivery of detrital
material from forested areas
to stream channels of the
floodplain and to the main
river channel as well as to
downstream estuarine habi-
tats, affecting the seasonal
food supply of riverine and
estuarine detritivores
(Mattraw and Elder, 1984).



Seasonal variability is
described with monthly
durations for flows from
4,000 to 16,000 ft3/s in
table 4. The upper part of
table 4 shows median flow
durations and the lower part
shows maximum flow dura-
tions for the 74-year period
of record. September, Octo-
ber, and November are typi-
cally the driest months, with
flows less than 10,000 ft3/s
for durations of 4 to 10 days
of the month. February,
March, and April are the
wettest months and typically
do not have flows less than
16,000 ft3/s. Flows during
some months such as Janu-
ary and August are highly
variable. January is among
the wettest months with
respect to its median flow
duration, but has maximum
flow durations that are con-
siderably drier. Maximum
duration of flows less than
5,000 ft3/s for August were
much longer than for any
other month.
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Table 5. Number of days per year that flow was above given flow values from
16,000 to 200,000 cubic feet per second in the Apalachicola River at
Chattahoochee, Florida
[Period of record analyzed is 1922-95. Analysis is based on water years of October 1–September 30 to
avoid splitting high-flow periods that typically occur in winter and spring. Durations are expressed in
total number of days per year, which are not necessarily consecutive. Percentiles indicate frequency of
durations over 74-year period of record]



Flow value, in
cubic feet per



second



Number of days per year that flow was above given flow value
for indicated percentile



Extreme
(wet)



25th
percentile



Median
(50th



percentile)



75th
percentile



Extreme
(dry)



200,000  9   0   0 0 0



140,000  21   0   0 0 0



100,000  27  3   0 0 0



75,000  32  10   3 0 0



65,000 46  19   6 1 0



55,000  79  33  14 4 0



45,000 100  48  30 12 0



40,000 123 60  42 18 0



35,000 151 78  61 24 0



33,000 168 88  68 29 0



31,000 177 96  75 36 0



29,000 192 110  84 38 0



27,000 205 126  95 44 0



25,000 215 141 103 53 0



23,000 241 152 113 61 1



22,000 265 164 122 74 4



21,000 287 173 132 87 16



20,000 298 178 142 91 21



19,000 312 190 154 105 29



18,000 328 205 165 125 31



17,000 331 218 176 135 38



16,000 338 240 193 143 41



Medium to High Flows



The total number of days per
year that flows were above given
flow values (annual exceedance
durations) of 16,000 to
200,000 ft3/s for the period 1922-
95 are presented in table 5.
Median durations represent typical
conditions. Wet and dry ends of



the range are reversed compared
to the nonexceedance durations of
table 2. Durations in wetter years
are represented by the 25th-per-
centile durations in table 5, and in
drier years by the 75th-percentile
duration.



In a typical year, daily mean
flows did not exceed 100,000 ft3/s.
Typical annual duration was



3 days for flows greater than
75,000 ft3/s, and 6 days for flows
greater than 65,000 ft3/s. Flows
greater than 16,000 ft3/s occurred
approximately half of the time in a
normal year.



Short periods during which
flows were above 100,000 ft3/s
occurred in 25 of the 74 years of
record. Duration of flows exceed-
ing 100,000 ft3/s at the 25th per-
centile was 3 days (table 5). Flows
above 140,000 ft3/s occurred in
12 years of the period of record.
Flows above 200,000 ft3/s were
rare, occurring in only 3 years
(1925, 1929, and 1994). The 1929
flood holds the record not only for
the highest flow (291,000 ft3/s)
(table 1), but also for the longest
duration of any flood exceeding
100,000 ft3/s (27 days).



In drier years, flows did not
exceed 75,000 ft3/s. There were
9 years in the period of record in
which the highest flows for the
year did not exceed 55,000 ft3/s.
The lowest annual 1-day high flow
was 24,300 ft3/s in 1941.



Effects of Entrenchment on
Stage in the Upper Reach



Entrenchment or riverbed
degradation is a typical process
that occurs downstream of dams in
the first 1 to 3 decades after dam
construction (Galay, 1983; Ligon
and others, 1995). Coarse sedi-
ments carried downstream along
the riverbed are trapped in the res-
ervoir behind the dam. Water lack-
ing coarse sediments is released
below the dam and tends to erode
the riverbed, lowering the eleva-
tion of the bed. The rate of
entrenchment of the Apalachicola
River at Chattahoochee was great-
est from 1954 to the late 1960’s
(fig. 7). An additional decrease in
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Table 6. Decrease in stage in upper reach of Apalachicola River as a
result of entrenchment
[Chattahoochee gage is at the upstream end and Blountstown gage is at the down-
stream end of upper reach. Decrease in stage represents the amount that stages have
dropped for a given flow from pre-entrenchment conditions existing prior to 1954 to
present (1995) conditions. Values were computed from stage-discharge ratings for pre-
entrenchment and current conditions at each gage]



Flow range,
in cubic feet per second



Decrease in stage as a result of
entrenchment, in feet



At Chattahoochee
gage



At Blountstown
gage



4,000 to 15,000 4.8 1.9



16,000 to 35,000 4.7 1.9



36,000 to 75,000 4.0 1.5



76,000 to 100,000 3.3 1.0



101,000 to 150,000 2.2 0.6



Greater than 150,000 <1.5 <0.6



stage of approximately 1 ft
occurred around 1981. Entrench-
ment appears to have stabilized
since then, as no additional
decrease in stage is apparent from
1981 to 1995. This agrees with a
previous analysis conducted by
Simons, Li and Associates, Inc.
(1985), except that an aggrada-
tional trend since 1981 noted by
those authors is not apparent in the
more recent analysis depicted in
figure 7.



Effects of entrenchment
decrease with increasing flow and
with distance downstream of the
dam (table 6). Decreases in stage
as a result of entrenchment
averaged 4.8 ft at the Chatta-
hoochee gage, and 1.9 ft at the
Blountstown gage at low and
medium flows. Effects of entrench-
ment appear to be restricted to the



Figure 7. River stages during low flows in the Apalachicola River at Chattahoochee, Florida, 1929-95. Data points shown
include all daily mean stages in the 67-year period that have corresponding flow values between 9,500 and 10,500 cubic
feet per second using the stage-discharge rating in effect at the time. Data prior to 1929 are not shown because no
discharge measurements were made prior to 1929.
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Table 7. Lengths of floodplain streams and lakes in upper, middle, and nontidal lower reaches of the
Apalachicola River that are connected to the main river channel at flows ranging from 4,000 to 19,000
cubic feet per second
[“Connected” means that approximately level water passageways exist between floodplain water bodies and the main river chan-
nel, allowing 2-way access for fishes to move from river to floodplain as well as from floodplain to river. Individual stream loca-
tions and lengths are given in appendix II. Not included in this table are the main channel of the nontidal Apalachicola River
which is 86 miles in length, and main channels of the lower Chipola River and Chipola Cutoff which total 17 miles in length]



Flow at
Chattahoochee



gage,
in cubic feet
per second



Length of streams and lakes connected to main channel at or below given flow
values, in miles



Upper
reach



Middle
reach



Nontidal
lower
reach



Total



   4,000 0.8 5.2 12.7     18.7



   5,000 2.6 6.3 26.0     34.9



   6,000 5.3 8.8 39.7     53.8



   7,000 5.3 11.9 50.3     67.5



   8,000 8.3 29.4 55.4     93.1



   9,000 9.0 32.0 65.2    106.2



  10,000 14.4 32.2 75.2    121.8



  11,000 20.3 42.0 77.7    140.0



  12,000 20.5 57.7 83.7    161.9



  13,000 20.5 63.0 88.3    171.8



  14,000 20.6 71.4 96.3    188.3



  15,000 20.9 79.3 98.9    199.1



  16,000 20.9 86.7 100.6    208.2



  17,000 21.0 88.8 101.3    211.1



  18,000 24.6 93.8 104.1    222.5



  19,000 24.6 101.5 104.1    230.2



upper reach of the river. Down-
stream of the Blountstown gage,
the river channel thalweg reflects
alternating cycles of aggradation
and degradation but there are no
consistent decreasing trends in
stage (Simons, Li, and Associates,
Inc., 1985, p. 100 and fig. 5.2).



his section of the report
describes the major types of



streams, lakes, and forests of the
floodplain by river reach, and the



FLOODPLAIN STREAMS,
LAKES, AND FORESTS
IN RELATION TO RIVER
FLOW



T



changes that occur in these
features with changes in river
flow. Detailed maps and descrip-
tions are provided for streams and
lakes at the intensive study areas.
Streams, lakes, and forests
described in this section are illus-
trated on plates depicting con-
nected aquatic habitat in the upper
reach (pl. 1), middle reach (pl. 2),
and nontidal lower reach (pl. 3) at
specific flow values selected to
represent low, medium, and
medium-high river flows. The
specific flow values used to repre-
sent low flows (8,000 ft3/s) and
medium flows (16,000 ft3/s) are
the same on all three plates. The
specific flow value representing



medium-high flows on the plates
varies with the reach and approxi-
mates the minimum river flow at
which at least 70 percent of the
total area of tupelo-cypress
swamps in the reach is inundated
and connected to the main chan-
nel. These specific flow values are
31,000 ft3/s for the upper reach
(pl. 1C), 27,000 ft3/s for the mid-
dle reach (pl. 2C), and 23,000 ft3/s
for the nontidal lower reach
(pl. 3C). Lengths and locations
of individual streams connected
to the main channel at selected
flows are listed in appendix II
and summarized in table 7.
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Upper Reach



Flat Creek, an intensive
study area in the upper reach, is a
perennial stream draining an
upland area of 52 mi2 (figs. 8 and
9). During very low flows, water
in the mouth of Flat Creek is very
shallow (less than 3 in. deep) and
drops into the main channel across
a sandy delta. Lowered stages in
the main channel as a result of



Figure 8. Flat Creek intensive study area.
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entrenchment appear to have
altered the mouth of this stream
since the 1950’s, making aquatic
habitat in the Flat Creek drainage
inaccessible to main channel
fishes. Prior to construction of Jim
Woodruff Dam, the mouth of Flat
Creek was deep enough during
very low flows for fish and boat
access (J.M. Barkuloo, retired,
USFWS, oral commun., 1997).



When the river rises higher than
the mouth of Flat Creek in its
present condition, river water
enters the downstream reach of the
stream creating an area of backwa-
ter with very sluggish flow; but
farther upstream, Flat Creek is
still flowing swiftly. During high
flows, the banks of Flat Creek are
under water and water flows
across forests and streams in the
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Figure 9. Flat Creek during low flow about 1,500 feet upstream of its mouth
on the Apalachicola River. Perennial streams with sandy bottoms that originate
in steep ravines east of the floodplain are unique to the upper reach of the
river.



general direction of river flow
(fig. 10).



Mosquito Creek is the larg-
est tributary in the upper reach of
the river with regard to discharge.
It is a perennial stream with an
upland drainage area of 90 mi2



which lies east of the river
(pl. 1A). Entrenchment can move
upstream into tributaries (Galay,
1983) and appears to have pro-
gressed approximately 100 ft into
the mouth of this creek to a
bridge, where rock and concrete
rubble have been deposited in the
bed and along the banks. The
spillway created by this rock and
rubble probably prevented bed
degradation from progressing
farther upstream. It also makes
the entire upstream drainage inac-
cessible to fish in the main chan-
nel during very low flows.



Perennial streams in the
floodplain originating from the
upland are features that are com-
mon in the upper reach of the
river but relatively rare in the
middle and lower reaches.
Streams draining steep ravines
which dissect the upland on the
east side of the river include
Sweetwater Creek, Rock Creek,
Beaverdam Creek, Little Sweet-
water Creek, and Kelley Branch.
Spring-fed streams on the west
side of the river are Spring
Branch and Blue Spring run
(pl. 1B). At a river flow of
8,000 ft3/s, most of these peren-
nial streams are waterfalls, allow-
ing no access for fish in the main
channel (pl. 1A, app. II). Vertical
drop of waterfalls at this flow
varies with the stream and can be
2 ft or more.



Johnson Creek, a second
intensive study area in the upper-
reach, is fed by small intermittent
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streams draining the upland west
of the river (fig. 11). A sill at the
mouth disconnects Johnson Creek
from the main channel during
very low flows. During low and
medium flows, the first half mile
of Johnson Creek is still-water
habitat connected to the main
channel (fig. 12) and the remain-
ing upstream reaches are a series
of isolated pools. Sometimes the
entire stream flows swiftly in
response to local rains, but then
returns to its still-water condi-



Figure 10. Flooded swamp near Flat Creek during high flow. During floods, turbid river water moves slowly downstream
through the floodplain forest at velocities of approximately 0.5 foot per second.



tion shortly afterwards. Consis-
tent flow in Johnson Creek does
not occur until high flows, when
the river is flowing through both
forests and streams of the flood-
plain in a general downstream
direction.



Other streams in the upper
reach that are usually connected
to the main channel by backwater
are Ocheesee Creek, Graves
Creek, and The Bayou (pl. 1C).
The Bayou and its tributaries are
the longest stream system



(approximately 9 mi) in the upper
reach of the floodplain. During
low flows, the most downstream
4,000 ft of The Bayou is still-
water habitat connected to the
main channel. The Bayou is dis-
connected during low flows
upstream of that reach by a rubble
spillway in the vicinity of a small
bridge used for logging access.
Upstream from this point to the
head of The Bayou on the main
channel at river mile 85.7, the
stream is a steep-sided and
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Figure 11. Johnson Creek intensive study area.
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relatively narrow channel with
water pooled in the deeper parts
of the streambed (fig. 13). During
medium flows, flow from
Stafford Creek and rising back-
water from the mouth connect the
most downstream 4 mi of The
Bayou to the main channel
(pl. 1B). During medium-high
flows the remaining reach of The
Bayou, from its upstream head on
the main channel at river mile
85.7 to the mouth of Stafford
Creek, is connected and flowing,
creating a complete loop that
serves as an alternate flow path
for river water from the main
channel (pl. 1C). When streams
of this type are connected,
velocity increases to speeds that
are relatively fast for floodplain
streams (1-3 ft/s).



Sutton Lake is still-water
habitat with a connection to the
main channel that is deep enough
for access by larger fishes, even
during very low flows. It is the
largest area of aquatic floodplain
habitat that is connected to the
main channel during low flows in
the upper reach (pl. 1A).



About 72 percent of all
tupelo-cypress swamps in the
upper reach of the river is con-
nected aquatic habitat at a flow of
31,000 ft3/s (pl. 1C). Large
tupelo-cypress swamps with
semi-permanent standing water
are a prominent feature of the
upper reach (fig. 14). Many of
these swamps are fed by ground-
water seepage from the steep
upland bluffs bordering the east-
ern edge of the floodplain.
Hydrologic fluctuations in a large
swamp with semi-permanent
standing water in the vicinity of
Beaverdam Creek were mea-
sured in the ARQA study
(Leitman and others, 1983,



Figure 12. Johnson Creek during low flow about 2,000 feet upstream of its
mouth on the Apalachicola River. Johnson Creek receives a small amount of
intermittent runoff from upland drainages. During low and medium flows, the
lower reach of Johnson Creek, shown here, is a still-water habitat connected to
the river, and the upper reach is a series of isolated pools.
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fig. 23). The pond level in that
swamp was perched approxi-
mately 12 ft above the elevation of
the water surface of the river at
median low flow, and water in the
swamp was not connected to the
main channel until flows exceeded
about 30,000 ft3/s.



Middle Reach



Iamonia Lake and its
tributaries, the intensive study



Figure 13. The Bayou during medium flow about 5 miles upstream of its mouth on the Apalachicola River. Water in the
stream was isolated from the main river channel and not flowing at the time this photograph was taken; however, the
narrow, steep-sided channel is evidence of the relatively high velocities that occur when the stream is connected and
flowing.



area in the middle reach of the
river, is a tributary lake system
that receives little runoff from
upland drainage (cover illustra-
tion, fig. 15, fig. 16). In some of
its wider reaches, Iamonia Lake
is as deep and wide as the
Apalachicola River; yet under
most conditions, Iamonia Lake
has little or no flow. During flows
less than 8,000 ft3/s, a sill near
the mouth of Iamonia Lake dis-
connects it from the main river
channel (app. II). During low and



medium flows  above 8,000 ft3/s,
Iamonia Lake has a nearly level
water surface for the entire 5 mi
of its length, with an elevation
equal to the level of the river at
the downstream connection at
river mile 55.8. During high
flows, river water enters the
upper and middle reaches of
Iamonia Lake through many
small connector streams and the
main body of the lake is flowing
and sloped in a downstream
direction.
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Figure 14. Tupelo-cypress swamp with semi-permanent standing water in the floodplain of the Apalachicola River just
north of Flat Creek. Ground-water seepage from steep upland bluffs bordering the eastern edge of the floodplain provides
a source of water for extensive areas of semi-permanently wet swamps in the upper reach of the river. The water level in
these swamps is perched several feet above the low water level of the river.



Figure 15. Iamonia Lake about
2 miles upstream of its mouth on the
Apalachicola River. With a channel
width of 400 feet and depths of 20 to
30 feet, Iamonia Lake looks similar to
the main channel of the Apalachicola
River. Tributary lakes such as this
are probably old river channels that
were abandoned when the river
changed course.
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Figure 16. Iamonia Lake intensive study area.
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B



Figure 17. Middle Slough about 2,700 feet from its
mouth on Iamonia Lake (A) partially dry and
disconnected during low flow and (B) flowing with
shallow water during medium flow. When connected,
Middle Slough carries water from the Apalachicola River
by way of Bee Tree Slough to the upper end of Iamonia
Lake. Relatively high velocities of 1.5 to 2 feet per
second occur in Middle Slough during higher flows.



AThe two largest connector
streams in the Iamonia Lake system
are the Middle Slough-Bee Tree
Slough passageway and Mary Slough
(fig. 16). During low flows, Middle
Slough is disconnected and most of its
streambed is dry (fig. 17A). Bee Tree
Slough is also disconnected but has a
series of isolated pools in its bed, some
of which are 5 to 6 ft deep. The con-
trolling sill for the Middle Slough-Bee
Tree Slough passageway is in Middle
Slough, about 3,000 ft upstream of its
mouth on Iamonia Lake. During river
flows of 11,000 ft3/s and higher, water
flows from higher elevations in the
Apalachicola River through Bee Tree
Slough and Middle Slough to lower
elevations in the upper end of Iamonia
Lake (fig. 17B). Relatively high veloc-
ities (1.5-2 ft/s) were observed in these
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connector streams at a river flow of
20,000 ft3/s. Mary Slough is
another connector stream near the
middle of Iamonia Lake. During
low flows, the west end of Mary
Slough is connected by backwater
to Iamonia Lake; its east end is



Figure 18. Outside Lake during medium flow about 1 mile upstream of its
mouth on the Apalachicola River. This tributary lake is probably a very old river
channel that has nearly filled with sediment.  Much of Outside Lake during
medium river flow is a shallowly flooded tupelo-cypress swamp with a slightly
deeper open channel in the center.



higher in elevation than the water
surface in the lake and is a series of
isolated pools during low flows.
Water flows from the main channel
through Mary Slough to Iamonia
Lake at a river flow of 13,000 ft3/s
and higher.



McDougal Lake (fig. 16) is
shallower than Iamonia Lake;
however, the two lakes are
connected with a level water surface
even during very low flows. Honey
Pond (fig. 16) is a shallow flood-
plain lake with scattered tupelo and
cypress trees that is isolated from
Iamonia Lake during low flows.
During medium flows, Honey Pond
is connected and accessible from
Iamonia Lake by small boats.



Florida River is a large tribu-
tary lake in the middle reach that is
connected to the main channel
during very low flows. The mouth
of Florida River has a relatively
deep connection to the main
channel, connecting almost 5 mi of
still-water habitat to the main
channel during very low flows with
an additional 3 mi connected during
low flows (pl. 2A, app. II). About 25
more miles of streams in this system
are connected during medium flows.
During medium flows, water from
the Apalachicola River flows
through the lower reach of Equa-
loxic Creek and Finns Slough into
the upper Florida River (pl. 2B).
During medium-high flows, water
from the Apalachicola River flows
through Dog Slough into the lower
Florida River (pl. 2C).



Outside Lake has a very shal-
low channel about 400 to 500 ft wide
that is forested with mature tupelo
and cypress trees except for about
150 ft in the center of the channel
(fig. 18). Since the channel of Out-
side Lake is nearly filled with sedi-
ment, it may be a former river
channel that is older than either
Iamonia Lake or Florida River. Dur-
ing low flows, the first mile of Out-
side Lake upstream of its mouth is 3
to 4 ft deep and connected to the
main channel. Upstream of the first
mile, Outside Lake is very shallow,
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and 2 mi upstream of the mouth the
lake is a series of shallow isolated
ponds. As the Apalachicola River
rises, water from the river moves far-
ther up into the lake. During medium
flows the lake is also connected to
the Apalachicola River at its upper
end through a small stream flowing
from Dead River (pl. 2B).



Old River and its tributary,
Baker Branch, are narrow, steep-
sided streams that receive small
amounts of flow from two upland
streams during low flows. During
medium flows, water from the
Apalachicola River enters Old River
at its upstream end and flows back
into the main channel at the down-
stream end of Baker Branch (pl. 2).



Figure 19. Sand Slough about 500 feet from its mouth on the Apalachicola River. Dry streambeds are typical of higher
elevation streams when they are disconnected from the river.



Equaloxic Creek receives run-
off from Big Gully Creek, a stream
draining a relatively large area of
flatwoods and acid swamps east of
the floodplain (drainage area unde-
termined, probably greater than 20
mi2). During low flow, water sam-
pled about 3 mi upstream of the
mouth of Equaloxic Creek had a pH
of 2.5 (Michael J. Hill, Florida Game
and Fresh Water Fish Commission,
oral commun., 1993). Water in the
main channel of the Apalachicola
River usually has a pH between 7
and 8. At a river flow of 7,500 ft3/s,
water in the mouth of Equaloxic
Creek was observed to be tannin
stained, with no turbidity, indicating
that water in the creek originated



from the acidic upland stream rather
than from turbid backwater from the
main channel. Water from the river
moves into the channel of Equaloxic
Creek during medium flows and con-
nects to the upper Florida River
through Finns Slough.



Many more streams in the
middle reach are connected to the
main channel during medium and
medium-high flows. At a river flow
of 19,000 ft3/s, the middle reach has
4 times as many miles of streams as
the upper reach (table 7). Higher ele-
vation streams that are connected to
the river during medium or higher
flows usually have dry streambeds
when disconnected from the river
(figs. 3 and 19). Lower elevation
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streams that are connected to the
river during low flows contain
isolated pools of water when they
are disconnected from the river.



At a river flow of
27,000 ft3/s, about 74 percent of
tupelo-cypress swamps and
25 percent of mixed bottomland
hardwood forests in the middle
reach are inundated and con-
nected to the main channel
(pl. 2C). Tupelo-cypress swamps
are mostly located near the out-
side edges of the floodplain but
some swamps are located along
stream channels, such as those on
the Florida River and Outside
Lake. Unlike some of the swamps
in the upper reach, most middle
reach swamps have little or no
standing water in the dry season.
At a river flow of 27,000 ft3/s
(pl. 2C), connected aquatic habi-
tats in mixed bottomland hard-
woods probably consist of areas
with land surface elevations simi-
lar to, or only slightly higher
than, tupelo-cypress swamps.
These areas are forested with
some tupelo and cypress in a
mixture of water hickory, overcup
oak, swamp laurel oak, and green
ash.



Nontidal Lower Reach



River Styx and its tributar-
ies, the intensive study area in the
nontidal lower reach of the river,
is a tributary lake system that
receives very little runoff from
upland drainage (fig. 20). Over
4 mi of still-water stream habitat
in River Styx is connected to the
main channel during low flows
(fig. 21). Depths in River Styx are
highly variable. In the first
1,300 ft from the mouth, the



channel ranges from 15 to 30 ft in
depth. Elevation of the water sur-
face at the mouth of River Styx at
low water is about 7 ft above sea
level; thus, the elevation of the
streambed in the deeper locations
is 10 to 20 ft below sea level.
About 1,400 ft from the mouth, a
shallow, sandy sill across the
river disconnects all upstream
reaches of River Styx during very
low flows (fig. 22). Very deep
reaches continue to alternate with
very shallow reaches upstream to
approximately 4 mi from the
mouth, where the River Styx at
low water is consistently narrow
with shallow water and low
banks. Seven miles upstream of
the mouth of River Styx, there is
a wide swamp corridor with occa-
sional isolated pools and no
recognizable streambed. As the
river rises from low to medium
flows, water from the Apalachi-
cola River backs up into the
mouth of River Styx. During
medium-high flows, water from
the river enters at points upstream
(Florida River and Equaloxic
Creek) and moves through the
swamp corridor as sheet-flow.
When this occurs, the entire
River Styx system is flowing
toward its mouth on the Apalach-
icola River.



The two largest connector
streams in the River Styx system
are Swift Slough and Moccasin
Slough (fig. 20). Both are rela-
tively high velocity streams (1-
2 ft/s) that carry water from the
main channel down to the River
Styx during low flows. Moccasin
Slough empties into the River
Styx close to its mouth on the
Apalachicola River (fig. 20).
Swift Slough ends about 2.5 mi
from the mouth of River Styx. At



flows of less than 17,000 ft3/s in
the Apalachicola River, the River
Styx downstream of the mouth of
Swift Slough has little flow. At
flows of greater than 17,000 ft3/s
in the Apalachicola River, the
lower 2 mi of River Styx begins
to flow more swiftly because
additional connector streams,
such as Hog Slough, Grayson
Slough, and Everett Slough, are
connected by rising water and the
River Styx receives a significant
amount of flow from the main
channel (pls. 2C and 3C).



The parts of Kennedy
Creek and Owl Creek that lie
within the Apalachicola River
floodplain are tributary lakes
connected during very low flows
(app. II, pl. 3A). Both streams
originate in flatwoods and acid
swamps in the upland east of the
floodplain (similar to
Equaloxic Creek in the middle
reach) and both streams usually
have sluggish flow.



Kennedy Creek is deep
(15-20 ft during low water) and
relatively wide (100-200 ft) for
much of its length (fig. 23). The
still-water habitat in Kennedy
Creek and its tributaries that are
connected to the river during low
flows is extensive, totalling about
9 mi of streams (4 mi of the
mainstem of Kennedy Creek and
an additional 5 mi of connected
still-water streams). During low
and medium flows, water in the
most downstream 1 mi of
Kennedy Creek is flowing into a
stream that connects to the upper
end of the wide part of Brushy
Creek (pl. 3A). The wide part of
Brushy Creek is very deep (20-
30 ft) at its mouth on the main
channel and throughout its entire
length.
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Figure 20. River Styx intensive study area.
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Figure 22. Main channel of River Styx during low flow about 1,400 feet from
its mouth on the Apalachicola River. The sandy streambed is partly exposed at
this location. Maximum depths of 1.1 feet were measured at the controlling sill;
lagged flow at Chattahoochee at that time was 6,100 cubic feet per second.
Many miles of River Styx upstream of this sill are disconnected during very low
flows of 5,000 cubic feet per second or less.



Figure 21. River Styx during low flow about 2.5 miles upstream of its mouth on
the Apalachicola River. River Styx is 200 feet wide and 25 feet deep at this
location. More than 4 miles of still-water stream habitat in River Styx are
connected to the Apalachicola River during low flows.



During medium flows,
Kennedy Creek is connected to
River Styx by Shepard Slough
and other unnamed streams
(pl. 3B). Most of the tributaries
of Kennedy Creek, including
Shepard Slough and the connec-
tor to Brushy Creek, are narrow
watercourses with shallow beds
and low forests on the banks.
These streams are usually too
shallow to navigate during low
flows, and during medium flows
the low banks and surrounding
forest are inundated and the chan-
nel becomes difficult to follow. In
some reaches, the stream channel
disappears into a diffuse network
of streams that flow around tree
hummocks (fig. 24).



The Chipola River is the
largest tributary of the Apalachi-
cola River, draining approximately
1,200 mi2 in Florida and Alabama
(Foose, 1981). The lower Chipola
River below Dead Lakes receives
approximately 70 percent of its
flow from the main channel of the
Apalachicola River by way of the
Chipola Cutoff during low flows,
and approximately 75 percent
during medium flows (USACE,
written commun., 1994). The
remaining 25 to 30 percent of the
flow is from the Chipola River
upstream of the mouth of Dead
Lakes. Two streams, Corley Slough
and Virginia Cut, that previously
connected the lower Chipola River
with the Apalachicola River near
the mouth of River Styx, have been
altered by dredge spoil deposition
and no longer serve as connector
streams during low and medium
flows (pl. 3). Near its mouth, the
lower Chipola is connected to the
Apalachicola River during low
water by way of Douglas Slough
and its tributaries. Douglas Slough
also is a loop stream during very
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Figure 23. Kennedy Creek during
medium flow about 7,500 feet
upstream of its mouth on the
Apalachicola River. This tributary
lake is quite deep (15-20 feet) and
relatively wide (100-200 feet) for
much of its length. At the time this
photograph was taken, lagged flow
at the Chattahoochee gage was
13,000 cubic feet per second, and
most of the low banks and swamps
adjacent to this stream were
underwater.



Figure 24. Tree hummock in a tributary of Kennedy Creek. During medium flows, the channels of small streams in the
vicinity of Kennedy Creek are very difficult to follow when they branch out into a diffuse network of streams flowing around
tree hummocks.
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low flows, with both ends con-
nected to the lower Chipola River.
Several other streams, including
Maddox Slough, Roberts Slough,
and Burgess Creek, have both ends
connected to the lower Chipola
during medium flows. Lockey
Lake is deep (10-20 ft) and con-
nected during very low flows. At a
river flow of 14,000 ft3/s, Spiders
Cut and other streams on the south
side of the lower Chipola near its
mouth were observed flowing
south into the floodplain, probably
to the upper end of Brothers River,
which is a large tributary system
that begins in the floodplain a few
miles downstream of the mouth of
the lower Chipola River (fig. 2).



During low flows, the non-
tidal lower reach has many more
miles of connected streams than
both the upper and middle reach
combined (table 7). In the middle
reach, almost all connected aquatic
habitat during low flows is in a few
large stream systems. However, in
the lower reach, connected aquatic
habitat during low flow is located
in many small streams that have
low sills and low, flat streambeds.
At a river flow of 19,000 ft3/s, the
lower reach has about the same
number of miles of streams con-
nected to the main channel as the
middle reach.



About 25 percent of tupelo-
cypress swamps in the lower reach
is inundated and connected to the
main channel at a river flow of
16,000 ft3/s (pl. 3B). About 74 per-
cent of tupelo-cypress swamps in
the lower reach is inundated and
connected to the main channel at a
river flow of 23,000 ft3/s (pl. 3C).
Tupelo-cypress swamps cover
most of the floodplain in the lower
half of the lower reach and contain
many small isolated pools of water
even during low flows. Many



tupelo-cypress swamps of the
lower half of the lower reach have
irregular ground surfaces with trees
growing on hummocks or small
tree islands (fig. 24).



n the first part of this section,
estimated areas of three types of



floodplain habitats are described in
relation to river flow: (1) aquatic
habitat connected to the main river
channel, (2) aquatic habitat isolated
from the main channel, and (3)
nonaquatic habitat. The remainder
of this section relates estimated
areas of different types of con-
nected aquatic habitats to river
flow. Connected aquatic habitats
are primarily floodplain streams
and lakes during low flows and
flooded forests during high flows.
Connected aquatic habitats in dif-
ferent reaches of the river respond
differently to increases in flow.
Depths of controlling sills between



AREA OF AQUATIC
HABITATS IN THE FLOOD-
PLAIN IN RELATION TO
RIVER FLOW



I



Figure 25. Area of connected aquatic, isolated aquatic, and nonaquatic
habitat in the nontidal Apalachicola River floodplain in relation to flows ranging
from 5,000 to 200,000 cubic feet per second.
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the main channel and aquatic habi-
tats in the floodplain affect fish
diversity by controlling access
between diverse habitats. Water
velocity, soil type, and vegetative
structure are additional factors
affecting the composition of fish
and invertebrate populations.



Connected Aquatic Habitat
Compared to Isolated
Aquatic and Nonaquatic
Habitats



At a river flow of 5,000 ft3/s,
the total area of connected aquatic
habitat, estimated to be about
260 acres, is relatively small, com-
prising only 0.3 percent of the total
floodplain area (fig. 25). However,
aquatic habitats that are connected
to the main channel at very low
flows are of crucial importance to
fishes and invertebrates of the
floodplain. Connected aquatic
habitats provide shallow, quiet
waters in floodplain streams and
lakes as refuges from the deep,
swiftly flowing waters of the main
channel.
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Acreage of connected
aquatic habitat increases rapidly
with increases in flow above
14,000 ft3/s. At the median river
flow of 16,400 ft3/s, about
8,200 acres (10 percent of the
floodplain) is connected aquatic
habitat. Most of these areas are
tupelo-cypress swamps bordering
floodplain streams and lakes. When
river flow reaches 32,000 ft3/s, an
estimated 40,700 acres (approxi-
mately one-half of the floodplain)
is connected aquatic habitat. At
86,200 ft3/s, the median annual
1-day high flow, about 78,000 acres
(95 percent of floodplain) is con-
nected aquatic habitat.



At a river flow of 5,000 ft3/s,
approximately 4,000 acres (5 per-
cent of the floodplain), is isolated
aquatic habitat (fig. 25). Most of
these areas are swamps with stand-
ing water typically less than 1 ft
deep and rarely deeper than 3 ft in
the dry season (fig. 14). The area
of isolated swamps increases to
about 5,800 acres at the median
river flow of 16,400 ft3/s. This
increase is a result of the increase
in local precipitation that typically
accompanies increases in river
flow. Rainfall collects in swamps,
expanding existing pools and creat-
ing new isolated aquatic habitats.
As the river continues to rise, iso-
lated swamps are eventually
flooded by the river and become
connected to the main channel.
Flow required to flood isolated
swamps decreases downstream,
with river flows of 30,000 to
35,000 ft3/s required to flood most
isolated swamps in the upper reach,
and 20,000 to 25,000 ft3/s required
in the lower reach.



At a river flow of 5,000 ft3/s,
about 77,900 acres (95 percent of
the floodplain) is forest habitat with
no surface water present. These



areas include levees, high flats and
ridges with forests dominated by
sweetgum, sugarberry, and water
oak; low flats with water hickory,
green ash, overcup oak, and swamp
laurel oak; and tupelo-cypress
swamps with damp or saturated
soils (Leitman and others, 1983).
At 86,200 ft3/s, the median annual
1-day high flow, about 4,200 acres
of the floodplain is dry and
exposed. Floodplain areas that are
exposed during high flows areas
are mostly high levees adjacent to
the main channel with a few levees
bordering streams in the interior of



Figure 26. Area of connected aquatic habitat in forests compared to streams
and lakes of the nontidal Apalachicola River floodplain in relation to flows
ranging from (A) 2,000 to 14,000 cubic feet per second and (B) 5,000 to
200,000 cubic feet per second.
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the floodplain. Levees of this
height are created by flood waters
with high velocities capable of
carrying a large amount of coarse
sediments.



Connected Aquatic Habitat
in Forests Compared to
Streams and Lakes



At river flows of 7,000 ft3/s
or lower, nearly 100 percent of the
connected aquatic habitat in the
floodplain is streams and lakes
(fig. 26A). At these low flows,
floodplain forests are almost com-
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pletely drained of standing water
except for the isolated swamps
indicated in figure 25. At a flow of
10,000 ft3/s, streams and lakes still
constitute most of the connected
aquatic habitat (860 acres), but
about 210 acres of forest is flooded
and connected to the main channel.
Above a flow of 10,000 ft3/s, the
area of connected aquatic habitat
increases more rapidly in forests
than in streams and lakes
(fig. 26A). At the median flow of
16,400 ft3/s, more than 80 percent
of connected aquatic habitat is
flooded forests (fig. 26B). As the



Figure 27. Area of connected aquatic habitat in the upper, middle, and
nontidal lower reaches of the Apalachicola River floodplain in relation to flows
ranging from (A) 2,000 to 9,000 cubic feet per second and (B) 5,000 to
200,000 cubic feet per second.
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river continues to rise above
median flow, the area of flooded
forests increases rapidly, but the
area of streams and lakes shows
little increase because nearly all of
them were flooded at lower flows.



The different horizontal
scales in the two graphs in figure
26 depict different processes at
work in the floodplain. In figure
26A, increases in habitat are shown
on the order of hundreds of acres as
the river moves into previously
isolated streams or dry channels.
This information is obscured with
the scale used in figure 26B, which



shows increases in aquatic habitat
on the order of thousands of acres
as flow increases and the river
moves into large areas of the flood-
plain forest.



Figure 26A and several other
figures in this section include flows
of 2,000 ft3/s to provide habitat
data in the event that a decreasing
trend in flows occurs in the future.
The full range of river flows shown
in figures 25 and 26B include flows
of 200,000 ft3/s. Increases in area
of aquatic habitat with flow are
relatively minor above the median
annual 1-day high flow of
86,200 ft3/s.



Connected Aquatic Habitat
in the Upper, Middle, and
Nontidal Lower Reaches



Connected aquatic habitat
depicted in figures 25 and 26 repre-
sents habitat in the entire nontidal
floodplain. Connected aquatic
habitat in each of the three reaches
of the river responds differently to
increases in flow (fig. 27).



At flows ranging from 2,000
to 9,000 ft3/s (fig. 27A), the nontidal
lower reach has the greatest amount
of connected aquatic habitat and the
upper reach has the least. The lower
reach has many deep streams and
lakes, such as Brushy Creek, Owl
Creek, and Lockey Lake, that have
bottom elevations below sea level
and deep connections to the main
channel. About 100 acres of aquatic
habitat in the lower reach is con-
nected at flows below 3,900 ft3/s,
the lowest recorded daily mean
flow, compared to about 45 acres in
the middle reach (mostly in the
Florida River), and about 11 acres in
the upper reach (Sutton Lake).
At flows ranging from 4,000 to
9,000 ft3/s, the lower reach contin-
ues to have the most connected
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aquatic habitat as large parts of the
River Styx and Kennedy Creek sys-
tems become connected. In the mid-
dle reach, the biggest increase in
connected aquatic habitat during
low flows occurs between 7,000 and
8,000 ft3/s, when the amount of hab-
itat more than triples as Iamonia
Lake becomes connected. The
increase in flow from 2,000 to
9,000 ft3/s causes a three-fold
increase in connected aquatic habi-
tat in the upper reach, from about 10
to 33 acres. Prior to entrenchment,
about twice as much aquatic habitat
was connected in the upper reach
during low flows than is connected
in its present entrenched condition.



Area of aquatic habitat
increases greatly at river flows of
14,000 ft3/s in the nontidal lower
reach and 15,000 ft3/s in the middle
reach (fig. 27B). In the upper reach
this large increase in aquatic
habitat does not occur until river
flow reaches 29,000 ft3/s. Some of
this difference is attributable to
physiographic changes that occur
from the upper to the lower reach.
Topographic relief and land surface
elevations in floodplains decrease
in coastal plain rivers as they
approach the sea. However, most
of this difference is a result of
entrenchment that has occurred in
the upper reach since construction
of Jim Woodruff Dam. The flow
associated with a large increase in
connected aquatic habitat in the
upper reach was about 19,000 ft3/s
prior to entrenchment compared to
29,000 ft3/s in its present
entrenched condition (fig. 27B).



Connection Depths



Connected aquatic habitat
addressed in the preceding figures
and discussion represent habitat
that is connected at any depth. The



connection depth is very shallow
for some habitats, allowing passage
for small fishes but blocking access
for medium-sized fishes such as
adult bluegill or redear sunfish, or
large fishes such as striped bass or
Gulf of Mexico sturgeon.
Generally, the area of aquatic habi-
tat that is accessible to medium and
large fishes is considerably less
than that accessible to small fishes
(fig. 28). The connected aquatic
habitat that allows passage of small
fishes, as shown in the two graphs
in figure 28, represents aquatic
habitat in all nontidal reaches that



Figure 28. Area of aquatic habitat with controlling connections that allow
passage of small, medium, and large fishes in the nontidal Apalachicola River
floodplain in relation to flows ranging from (A) 2,000 to 12,000 cubic feet per
second and (B) 5,000 to 200,000 cubic feet per second.
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B



is connected at any depth greater
than zero. The other curves in these
graphs represent aquatic habitat
that will allow passage of medium
fishes (connection depth of 1 ft or
greater) and large fishes (connec-
tion depth of 3 ft or greater).



Accessible habitat is avail-
able at different flows for fishes of
different sizes. For example,
260 acres of habitat is accessible to
small fishes at river flows of
5,000 ft3/s, but this same amount of
habitat is not available to large
fishes until flows of about
10,000 ft3/s (fig. 28A). Large
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increases in area of connected
aquatic habitat occur above flows
of 14,000 ft3/s for small fishes,
above flows of 17,000 ft3/s for
medium-sized fishes, and between
flows of 20,000 and 30,000 ft3/s for
large fishes (fig. 28B).



Water Velocities in
Connected Aquatic
Habitats



Both still-water and flowing-
water habitats in shallow floodplain
water bodies provide refuges for



Figure 29. Area of still-water and flowing-water habitat in the nontidal
Apalachicola River floodplain connected to the main channel in relation to
flows ranging from (A) 2,000 to 9,000 cubic feet per second and (B) 5,000 to
200,000 cubic feet per second.
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B



fishes from the deeper and more
swiftly flowing waters in the main
channel. Some fishes, such as red-
fin pickerel, taillight shiner, flier,
and warmouth, primarily reside in
still-water habitats of the floodplain
and rarely enter the main channel
(Leitman and others, 1991). Other
fishes, such as darters, prefer flow-
ing-water habitats in small flood-
plain streams.



Water velocities in the main
channel are usually between 1 and
4 ft/s. Velocities observed in most
aquatic habitats in the floodplain
are much lower (0 - 1 ft/s), with the



exception of loop and connector
streams that carry river water along
a steeper course than the main
channel. Velocities of 2 to 3 ft/s
were observed in the connector
streams Bee Tree Slough and Swift
Slough.



Changes in area of connected
still-water and flowing-water
habitat in the floodplain in relation
to river flow is illustrated in
figure 29. At a river flow of
5,000 ft3/s, still-water habitat
covers about 250 acres and flow-
ing-water habitat covers 12 acres
(fig. 29A). At a river flow of
9,000 ft3/s, about 790 acres of still-
water habitat exists compared to
190 acres of flowing-water habitat.
Area of still-water habitat contin-
ues to greatly exceed area of flow-
ing-water habitat until river flows
reach about 20,000 ft3/s (fig. 29B).
At this river flow, water in con-
nected aquatic habitats is flowing
in most streams and lakes, but not
flowing in forests. At river flows
less than 20,000 ft3/s, the opportu-
nity for flow-through is limited
because the water is not high
enough to break over levees and
ridges that control connections
between different parts of the
floodplain. At river flows greater
than 20,000 ft3/s, flow-through in
the floodplain increases and water
begins to move through large areas
of floodplain forest. Flowing-
water and still-water habitats con-
tinue to increase in area until river
flows are about 40,000 ft3/s. When
flows exceed 40,000 ft3/s, still
waters are rapidly converted to
flowing waters as the rising water
connects more and more of the
floodplain into a flow-through
corridor. When flows reach
65,000 ft3/s, more than 99 percent
of the connected aquatic habitat in
the floodplain is flowing.
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In the upper reach, there are
a number of streams such as Flat
Creek and Mosquito Creek that
drain relatively large areas in the
uplands adjacent to the river. The
source of water for these streams is
not dependent upon flows in the
Apalachicola River, and the
streams continue to flow during
low and very low flows. However,
their connections to the river
during low flows do not allow 2-
way access for fishes because of
waterfalls or very shallow water
dropping into the main channel.
Small fishes can move from the
streams into the main channel of
the river but cannot swim back the
other way. Streams with 1-way
connections cover relatively small
areas (less than 35 acres), exist
primarily at flows less than
11,000 ft3/s, and are found only in
the upper reach.



The area of flowing-water
habitat with both 1-way and 2-way
connections in the upper reach
under present entrenched condi-
tions is shown in figure 30A and
under pre-entrenchment conditions
is shown in figure 30B. At river
flow of 3,900 ft3/s, the lowest daily
mean flow on record, all flowing
waters in the floodplain of the
entrenched upper reach have 1-way
connections to the main channel.
At this same river flow, prior to
entrenchment, about half of the
flowing-water habitat had 2-way
connections to the main channel,
and half had 1-way connections.
Under present entrenched condi-
tions, it is not until flows are about
11,000 ft3/s that nearly all streams
in the upper reach have 2-way
connections to the main channel.



Soils of Floodplain Habitats



Variety in soil types affects
diversity of floodplain fishes
because many fishes have substrate
preferences for either sandy or
muddy bottoms (Lee and others,
1980). Three major types of sur-
face soils were found in the
Apalachicola River floodplain: silt-
clays, sandy soils, and organic
soils. Approximately 90 percent of
the floodplain has silt-clay surface
soils. Silt-clays predominate on
alluvial rivers because large



Figure 30. Area of flowing-water habitat in the floodplain with 1-way and 2-
way connections to the main channel in relation to flows ranging from 2,000
to 12,000 cubic feet per second in the upper reach of the Apalachicola River
(A) under present (1995) entrenched conditions and (B) prior to entrenchment.



12



12



2



2



3



3



4



4



5



5



6



6



7



7



8



8



9



9



10



10



11



11



FLOW OF APALACHICOLA RIVER AT CHATTAHOOCHEE,
IN THOUSAND CUBIC FEET PER SECOND



FLOW OF APALACHICOLA RIVER AT CHATTAHOOCHEE,
IN THOUSAND CUBIC FEET PER SECOND



A



B



60



40



20



0



60



40



20



0



A
R



E
A



O
F



A
Q



U
AT



IC
H



A
B



IT
AT



,
IN



A
C



R
E



S
A



R
E



A
O



F
A



Q
U



AT
IC



H
A



B
IT



AT
,



IN
A



C
R



E
S



With streamflow falling into main channel allowing fish
access in only one direction



With streamflow falling into main channel allowing fish
access in only one direction



Connected to main channel with fish access possible
in both directions



Connected to main channel with fish access possible
in both directions



FLOWING-WATER HABITAT IN UPPER
REACH — ENTRENCHED CONDITIONS:



FLOWING-WATER HABITAT IN UPPER
REACH — PRIOR TO ENTRENCHMENT:



amounts of fine-grain sediments
are carried long distances and
deposited on the floodplain during
overbank flows. The percentage of
connected aquatic habitat with silt-
clay soils varies with river flow but
is always relatively high, ranging
from 85 to 98 percent of the total
area for any given flow (fig. 31).



Sandy soils are found on
about 6,400 acres (8 percent of the
floodplain). Most of the sandy
soils in the floodplain are found on
levees that are flooded only at
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flows greater than 80,000 ft3/s
(fig. 31B). Formation of these
high levees occurs when alluvial
flow of relatively high velocity
leaves the main channel and enters
the floodplain. The water slows
down quickly as it enters the for-
est and immediately drops the
coarse-grain component of its sed-
iment load, forming a sandy levee
adjacent to the main river channel.
Sandy levees also border a few of
the larger floodplain streams with
high flow velocities.



In addition to riverbank and
streambank levees, an estimated
500 acres of sandy soils is found



Figure 31. Area of connected aquatic habitat with silt-clay, sandy, and
organic soils in the nontidal Apalachicola River floodplain in relation to flows
ranging from (A) 2,000 to 14,000 cubic feet per second and (B) 5,000 to
200,000 cubic feet per second.
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in the beds of some floodplain
streams. Streams observed in this
study that had relatively high
velocities (1 ft/s or greater) during
low or medium flows, had 30 to
100 percent of their beds com-
posed of sandy soils. Streams with
little or no velocity during low and
medium flows had silt-clay beds
with no sand either in the beds or
along their banks. The flows at
which streams with sandy stream-
beds are connected to the main
river channel vary greatly. About
50 acres of sandy-bottom streams,
such as Flat Creek and Swift
Slough, is connected at a river



flow of 6,000 ft3/s (fig. 31A).
Some streams, like Sand Slough
(fig. 19) are dry during low flows
and do not become connected and
flowing until medium or higher
flows.



Organic soils are found on
about 2,700 acres (3 percent of the
floodplain). Most of the organic
soils in the floodplain are found in
large tupelo-cypress swamps in
the upper reach. These areas are
(1) isolated from the river at very
low, low, and medium flows,
(2) connected to the main channel
when flows reach 30,000 to
40,000 ft3/s (fig. 31B), and (3) do
not experience high velocities
even during floods. When these
swamps are isolated from the main
channel, rate of litter decomposi-
tion in still-water ponds decreases
as the amount of oxygen in the
stagnant water decreases. The
result is a build-up of organic mat-
ter. During floods, these areas do
not have velocities high enough to
scour the floor of the swamp and
remove the organic build-up. This
lower velocity may be due to their
large, flat basin-like shape or their
location outside of the higher
velocity corridors of flow in the
floodplain.



The large tupelo-cypress
swamp in the vicinity of Beaver-
dam Creek in the upper reach is an
example of a wet depression with
organic soils that is pooled and
isolated from the main channel
during low and medium flows.
Flows of about 31,000 ft3/s are
required to connect this swamp to
the main channel. At a flow of
57,800 ft3/s, the average velocity
in this swamp was 0.03 ft/s; at
87,900 ft3/s, the average velocity
was still quite low at 0.17 ft/s
(Leitman and others, 1983,
fig. 25).
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Amount of Vegetative
Structure



Vegetative structure in
aquatic habitat provides food
sources, protective cover, and
reproductive sites for fishes and
aquatic invertebrates. Generally,
floodplain habitat that is terrestrial
most of the time, such as mixed
bottomland hardwoods, has more
vegetative structure than habitat
that is primarily aquatic. When
floodplain forests are inundated,
large amounts of vegetative struc-
ture become available to aquatic
organisms.



The amount of vegetative
structure measured in floodplain
forests and on the sloping banks of
floodplain streams in this study was
moderate to high (greater than
15 percent) compared to that of
floodplain streambeds which was
usually low (less than 15 percent).
However, in one-tenth of the total
length of streambed cross sections,
vegetative structure was moderate
to high. Low velocities in flood-
plain streams allow woody debris
to collect in parts of streambeds
(figs. 9, 12, and 13), and live vege-
tation such as tupelo and cypress
trees sometimes grow in floodplain
streambeds (fig. 18). Comparable
measurements of vegetative struc-
ture in the bed of the main channel
were not made in this study; how-
ever, because water velocities are
considerably higher in the main
channel than in most floodplain
streams, vegetative structure in the
bed of the main channel is probably
lower than that in streambeds in the
floodplain. In a study of large river-
floodplain systems by Power and
others (1995), main channel struc-
ture was estimated to be 5 percent
at low flow, decreasing at higher
flows as debris was dislodged and
washed away.



At river flows less than
9,000 ft3/s, most of the connected
aquatic habitat is confined to stre-
ambeds and is consequently low in
structure (fig. 32A). When water
levels in floodplain streams rise out
of their beds onto the sloping banks
and into bordering swamp forests,
the amount of vegetative structure
in connected aquatic habitat
increases greatly. This increase in
structure in connected aquatic habi-
tat begins at flows greater than
10,000 ft3/s; and at 16,000 ft3/s,
about 3,800 acres of aquatic habitat
with moderate to high structure is
connected to the main channel
(fig. 32B). As the river continues to
rise, the amount of vegetative
structure available to aquatic
organisms increases greatly as
large areas of floodplain forest are
inundated (fig. 32C).



n the preceding sections, aquatic
habitat in the Apalachicola



River was described and quantified
in relation to river flow for the pur-
pose of determining changes in
habitat that may result from flow
alterations. Effects of these habitat
changes on biological communities
are also important to address in the
impact evaluation process. Of the
wide array of organisms that
depend on aquatic habitat, fishes
are probably the most well-known
group. Fish species that have been
collected in the floodplain of the
Apalachicola River are listed in
this section of the report. A review
of the literature of fishes in the
river floodplains of the eastern



FISHES IN RIVER FLOOD-
PLAINS OF THE EAST-
ERN UNITED STATES:
LITERATURE REVIEW



I



United States was conducted to
identify additional species that
probably inhabit the Apalachicola
River floodplain.



A total of 131 species of
freshwater and estuarine fishes
have been found in the freshwaters
of the Apalachicola River or the
lower Chipola River downstream
of Dead Lakes (Livingston and
others, 1977; Yerger, 1977; Bass,
1983; Ager and Land, 1984; Ager
and others, 1985; Edmiston and
Tuck, 1987; Hill and others, 1990;
Light and others, 1993). Of this
total, 40 species are euryhaline
estuarine fishes that have been
found only in the freshwater tidal
part of the lower Apalachicola
River and its distributaries. These
40 species are not addressed in this
report. The remaining 91 species
are known to inhabit the nontidal
Apalachicola or lower Chipola
Rivers. Of these 91 species, 65 are
freshwater species that are strictly
intolerant of salt water, and
26 species are either freshwater
species that can tolerate some salt
water or euryhaline estuarine spe-
cies that occur in the nontidal river
(Yerger, 1977).



Eighty percent, or 73 of the
91 species collected in the
Apalachicola River, are known to
occur in river floodplains of the
eastern United States (table 8).
Fifty-one of these species have
been collected in the Apalachicola
River floodplain (22 common or
abundant, 29 collected in low num-
bers), and an additional 22 species
have been found in other river
floodplains of the eastern United
States. Collections of Apalachi-
cola River floodplain fishes have
been conducted primarily in one
type of habitat (connected streams
with sluggish flow) using one
collection method (electrofishing).
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Figure 32. Area of connected aquatic habitat with low and moderate to high
amounts of vegetative structure in the nontidal Apalachicola River floodplain in
relation to flows ranging from (A) 2,000 to 9,000 cubic feet per second;
(B) 2,000 to 16,000 cubic feet per second; and (C) 5,000 to 200,000 cubic
feet per second.
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Table 8. Occurrence of Apalachicola River fish species in river floodplains of the eastern United States
[Sources include Baker and others, 1991; Bass and Hitt, 1973; Beecher and others, 1977; Finger and Stewart, 1987; Foster and others, 1988; Guillory, 1979;
Holder, 1971b; Killgore and Baker, 1996; Knight and others, 1991; Kwak, 1988; Leitman and others, 1991; Light and others, 1995; Ross and Baker, 1983;
Walker and Sniffen, 1985. Excludes estuarine species that are restricted to the lower Apalachicola River. Excludes tidal floodplain habitats.  Common or
abundant, 1 percent or greater by number; low numbers, less than 1 percent by number]



1Collected in isolated water bodies in river floodplains of eastern United States (from Light and others, 1995, app. III).
2Evidence of use of floodplain habitats for reproduction (spawning, larval, or young-of-the-year fishes collected) in river floodplains of eastern United



States (from Light and others, 1995, app. III; and Killgore and Baker, 1996).



Occurrence in floodplain of
Apalachicola or other rivers



of eastern United States
 Species of fishes known to inhabit the Apalachicola River



Number
of



species



Common or
abundant in
Apalachicola
floodplain
collections



Spotted gar1,2



Bowfin1,2



American eel
Gizzard shad2



Threadfin shad2



Common carp2



Golden shiner1,2



Bluestripe shiner



Taillight shiner1,2



Blacktail shiner2



Spotted sucker1,2



Pirate perch1,2



Mosquitofish1,2



Brook silverside1,2



Okefenokee
     pygmy sunfish1



Redbreast sunfish
Warmouth1,2



Bluegill1,2



Redear sunfish1,2



Spotted sunfish1



Largemouth bass1,2



Black crappie1,2



22



Collected in low numbers
in Apalachicola
floodplain



Longnose gar1,2



Skipjack herring
Redfin pickerel1,2



Chain pickerel1



Pugnose minnow1,2



Redeye chub
Coastal shiner
Weed shiner
Bandfin shiner
Lake chubsucker2



Grayfin redhorse



Snail bullhead
Yellow bullhead1,2



Brown bullhead1,2



Channel catfish2



Spotted bullhead
Atlantic needlefish
Eastern starhead
     topminnow
Blackspotted
     topminnow1,2



Bluefin killifish1



Least killifish1,2



Sunshine bass
Flier1,2



Everglades pygmy sunfish
Orangespotted sunfish1



Dollar sunfish
Blackbanded darter2



Striped mullet
Hogchoker



29



Present in floodplains
of other rivers of
eastern United States;
presence in Apalachicola
floodplain probable



Silverjaw minnow
Bannerfin shiner
Bluenose shiner
Quillback
White catfish
Black madtom
Tadpole madtom1,2



Speckled madtom
Flathead catfish
Golden topminnow1



Pygmy killifish
White bass2



Striped  bass
Banded pygmy
     sunfish1,2



Bluespotted sunfish1,2



Banded sunfish
Green sunfish1



Spotted bass
Brown darter
Swamp darter
Gulf darter2



Sauger



22



No documented
occurrences in floodplains
of other rivers of
eastern United States;
presence in Apalachicola
floodplain uncertain



Southern brook
     lamprey
Gulf of Mexico
     sturgeon
Alabama shad
Clear chub
Ironcolor shiner



Dusky shiner
Sailfin shiner
Longnose shiner
Flagfin shiner
Creek chub
Banded topminow
Shadow bass



Shoal bass
Florida sand darter
Goldstripe darter
Yellow perch
Mountain mullet
Southern flounder



18



Number of species known to inhabit the Apalachicola River 91
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Most of the 22 additional species in
table 8 that were present in other
river floodplains would probably be
found in the Apalachicola River
floodplain if more comprehensive
sampling was conducted in other
types of habitat using a variety of
collection methods. For example, in
other river floodplains, white cat-
fish, three species of madtoms
(black, tadpole, and speckled), and
small centrarchids such as banded
pygmy sunfish and bluespotted sun-
fish were frequently collected with
seines, dip nets, traps, and rotenone
(Holder, 1971; Ross and Baker,
1983; Walker and Sniffen, 1985;
Finger and Stewart, 1987; Kwak,
1988; Baker and others, 1991;
Knight and others, 1991; Leitman
and others, 1991). Information on
river floodplain fishes in the eastern
United States in table 8 was summa-
rized from 14 sources, one of which
(Baker and others, 1991) summa-
rized floodplain collections in the
lower Mississippi River from more
than 70 sources of information.



The fish communities of
relatively large streams with
sluggish flow in the Apalachicola
River floodplain have been well-
documented by the Florida Game
and Fresh Water Fish Commission.
Forty-four species were collected
during low flows in the following
six floodplain streams when they
were connected to the main channel:
Iamonia Lake, Equaloxic Creek,
Florida River, River Styx, Kennedy
Creek, and Owl Creek (Hill and oth-
ers, 1990; Light and others, 1995,
app. II). The most frequently col-
lected species (in order from most to
least common) were bluegill, brook
silverside, bowfin, largemouth bass,
spotted gar, redear sunfish, spotted
sucker, warmouth, American eel,
and redbreast sunfish.



More swiftly flowing streams
such as Flat Creek, Middle Slough
(connected to Iamonia Lake), and
Swift Creek (connected to River
Styx) probably support common
Apalachicola River species such as
gizzard shad, threadfin shad, weed
shiner, blacktail shiner, spotted
sucker, bluegill, largemouth bass,
redear sunfish, and redbreast sunfish,
as well as fishes that prefer smaller
streams such as flagfin shiner, band-
fin shiner, and Gulf darter (Lee and
others, 1980). The fish communities
of these streams are relatively
undocumented, with the notable
exception of striped bass. The
Apalachicola River system harbors
the last remaining native population
of Gulf race striped bass in the
Southeast (Wooley and Crateau,
1983). Flowing streams in the flood-
plain that have cool water from
springs or ground-water seepage are
thermal refuges that are critical to
the survival in summer of adult
striped bass, which cannot tolerate
the warmer waters of the main chan-
nel (Moss, 1985; Coutant, 1987; Van
Den Avyle and Evans, 1990). Sam-
pling efforts by the Florida Game
and Fresh Water Fish Commission
confirm that striped bass use more
than a dozen flowing streams in the
upper reach of the Apalachicola
River floodplain as thermal refuges
(Charles Mesing, FGFWFC, written
commun., 1995). Entrenchment in
the upper reach of the river has low-
ered river stages and greatly
decreased fish access to these flow-
ing streams during low flows
(fig. 30).



Isolated water bodies in the
floodplain are primarily still-water
habitats with shallow waters (less
than 3 ft deep) that support fish
communities distinctly different
from deep, flowing waters of the
main channel (Baker and others,



1991). A total of 31 species, identi-
fied on table 8, are known to inhabit
isolated aquatic habitat in river
floodplains of the eastern United
States, the most common being red-
fin pickerel, golden shiner, taillight
shiner, yellow bullhead, pirate
perch, mosquitofish, least killifish,
flier, banded pygmy sunfish, war-
mouth, bluegill, and black crappie
(Kwak, 1988; Baker and others,
1991; Leitman and others, 1991;
Light and others, 1995). Most or all
of these species would probably be
found in the Apalachicola River
floodplain with expanded collection
efforts. A few of these species may
be almost entirely dependent on
floodplain habitats, residing year-
round in still-water habitats of the
floodplain and rarely entering the
main channel. Species that primarily
inhabit isolated aquatic habitats in
the floodplain have been known to
tolerate dissolved oxygen concen-
trations less than 1 ppm (Leitman
and others, 1991).



Many main channel fishes
exploit inundated floodplain
habitats during high flows; these
habitats are primarily flooded
forests, with a relatively small per-
centage of the total area being
flooded streams and lakes. All
73 species that have been collected
in the river floodplains of the eastern
United States under various hydro-
logic conditions (table 8), are proba-
bly present on those floodplains
during floods. (A total of 64 species
have been collected on inundated
floodplains during high water (Light
and others, 1995, app. III); the
remaining 9 species found in con-
nected streams and isolated ponds
probably remain on the floodplain
during floods, but have not yet been
collected there at high water.) The
extent of flood exploitation was sim-
ilar on the adjacent Ochlockonee
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River (fig. 1) where 75 percent of the
known main channel species was
collected in the floodplain during
floods (Leitman and others, 1991).



Fishes use floodplains to
fulfill basic needs for food, shelter
from predators, and reproduction
(Baker and others, 1991; Wharton
and others, 1981, 1982). Several
studies of southeastern rivers
reviewed by Wharton and others
(1981) have documented feeding
on floodplains as evidenced by
terrestrial invertebrates in the stom-
achs of fishes collected on inun-
dated floodplains. The abundant
vegetative structure in floodplain
habitat such as snags, stumps,
debris, grasses, and shrubs provide
excellent shelter from predators
(Aggus and Elliott, 1975; Savino
and Stein, 1982; Benke and others,



Table 9. Summary of areas of aquatic habitat in the floodplain that are connected to the main channel of the Apalachicola
River in relation to flows ranging from 4,000 to 16,000 cubic feet per second
[These data are presented in graphical form for a wider range of flows in figures 25-32; <, less than; >, greater than; >, greater than or equal to; ft, feet;
%, percent]



Flow at
Chatta-



hoochee
gage,



in
cubic
feet
per



second



Area of aquatic habitat in the floodplain that is connected to the main river channel at or above given flow value, in acres



Upper
reach
under



entrenched
conditions
(and prior



to
entrench-



ment)
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Flowing water
with 2-way



connection in
upper reach



under
entrenched
conditions



(and prior to
entrenchment)



General soil type Vegetative
structure



Small
fishes



(depths
>0 ft)



Medium
fishes



(depths
>1 ft)



Large
fishes



(depths
>3 ft) Si



lt-
cl



ay



Sa
nd



y



O
rg



an
ic



Low
(<15%)



Moder-
ate to
high



(>15%)



4,000 12 (32)  47  100 160 0 158 160 120 87 150 4.3 0.3 (17) 150 3.7 0 150 13



5,000  17 (43)  61  190  260 0 263 260 150 110  250 12 5.5 (25) 230 36 0 250 15



6,000  24 (52)  75  230  330 0 329 330 250 110 300 33 12 (33) 280 50 0 310 24



7,000  24 (55)  96  290  410 17 394 410 300 120 370 46 12 (33) 350 57 0 380  26



8,000 31 (60)  320  390  740 81 661  740 380 150 660 86 17 (33) 680 67 0 700 45



9,000  33 (63)  380  570  970 200 778 970 600 220 780 190 19 (33) 890 83 0 910 65



10,000  36 (70)  400  630 1,100 210 856 1,100 780 280 810 250 20 (34) 970 90 0 980 87



 11,000 51 (83)  620  720 1,400 420 974 1,400 1,000 340 950 450 34 (34) 1,300 97 3.2 1,200 190



 12,000  52 (91)  850  950 1,900 740 1,120 1,900 1,200 580 1,100 770 35 (35) 1,700 100 14 1,400 450



 13,000  54 (99) 1,100  1,200 2,300 1,100 1,210 2,300 1,300 680 1,400 870 36 (43) 2,100 110 26 1,600 710



 14,000  56 (110) 1,400  1,600 3,000 1,700 1,320 3,000 1,800 810 2,100 950 36 (53) 2,900 120 49 1,900 1,200



 15,000  62 (200) 1,800  3,100 4,900 3,500 1,420 4,900 2,000 880 3,800 1,100 42 (63) 4,700 130 100 2,500 2,400



 16,000  63 (290) 2,600  4,300 7,000 5,500 1,510 7,000 2,600 1,100 5,800 1,200 42 (66) 6,700 130 170 3,200 3,800



1985; Harmon and others, 1986).
Evidence of reproduction on other
river floodplains indicate that at
least 33 Apalachicola River species
(identified on table 8) may use
floodplain habitats for spawning or
nursery grounds (Guillory, 1979;
Finger and Stewart, 1987; Leitman
and others, 1991; Killgore and
Baker, 1996).



educed flows in the Apalachi-
cola River may result from



increased use of water upstream in
the Chattahoochee and Flint River
Basins or when flows are regulated
for navigation. Understanding the



APPLICATION OF
STUDY RESULTS



R



impacts of these flow alterations is
important in long-term mainte-
nance of wetland functions in the
floodplain. The results of this study
can be used to assess the effects of
flow alterations on the area of vari-
ous types of aquatic habitats in the
floodplain of the Apalachicola
River. Changes in the types and
amount of aquatic habitats are
widely known to produce changes
in biotic communities (Gorman and
Karr, 1978; Baker and others,
1991). Habitat-based evaluations
are frequently used to assess envi-
ronmental impacts (Bovee, 1982).



Flow reductions that occur
when flows are less than 16,000 ft3/s
will result in a decrease in area of
most types of connected aquatic
habitat in the floodplain in most
reaches of the river (table 9).
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However, the specific effects of flow
reductions vary with the range of
flows at which the reduction occurs.
For example, a flow reduction of
1,000 ft3/s will decrease the area of
aquatic habitat connected to the
main channel in the entire nontidal
river about 105 acres if the reduc-
tion is from 5,000 to 4,000 ft3/s;
about 331 acres if the reduction is
from 8,000 to 7,000 ft3/s; and about
2,090 acres if the reduction is from
16,000 to 15,000 ft3/s. Generally,
when flows are between 4,000 and
16,000 ft3/s, much larger areas of
connected aquatic habitat are
affected by flow reductions occur-
ring at higher flows within that
range than at lower flows. How-
ever, it would be misleading to
conclude from this statement that
flow alterations occurring at lower
flows have less impact than those
occurring at higher flows. Decrease
in total area of aquatic habitat is an
important measure of the impact of
flow alterations; however, relatively
small decreases in a particular type
of habitat can be important to cer-
tain species, especially at low flows
when that type of habitat is already
scarce. For example, cool-water
streams in the floodplain of the
upper reach of the Apalachicola
River are important thermal refuges
for striped bass. Entrenchment in
the upper reach of the river has
lowered river stages and greatly
decreased 2-way access for fishes to
flowing streams in the upper reach
during low water periods (table 9),
many of which are thermal refuges
for striped bass. The amount of
these habitats remaining at low
flows is already low; thus, even
relatively minor flow reductions
during low flows may have a large
impact on striped bass if cool-water
streams used for thermal refuges
are affected.



A few other examples from
table 9 illustrate how the specific
effects of flow reductions will vary
with the range of flows at which the
flow reduction occurs. Flow reduc-
tions that occur when flows are less
than 5,000 ft3/s will nearly elimi-
nate aquatic habitat having sandy
soils in the floodplain that is con-
nected to the main channel. Flow
reductions that occur when flows
are between 6,000 and 9,000 ft3/s
will reduce the area of connected
aquatic habitat in forests when the
area of that habitat is already less
than 200 acres. Flow reductions
that occur when flows are between
10,000 and 16,000 ft3/s will greatly
reduce the number of acres of con-
nected aquatic habitat with moder-
ate to high vegetative structure.



Flow alterations that
occurred in the Apalachicola River
during 1990-95 are used in the
following discussion as examples to
show how the results of this investi-
gation can be used to determine the
effects of flow alterations on habitat
area. The USACE regulated flows
to create 16 navigation windows
from 1990 to 1995 to increase the
amount of time that barge traffic
could navigate on the Apalachicola
River (app. III). Immediately prior
to each navigation window was a
prewindow period in which water
was stored in several of the
upstream USACE reservoirs for an
average of 15 days. During the
navigation window, stored water
was released at a consistent rate
sufficient to support navigation by
barges. The transition period
between the prewindow and win-
dow was typically a 1-day period of
rapidly increasing flow. The effects
of flow augmentation have not been
taken into account with regard to
the average flows in appendix III;
these flows were averaged from



actual flows that occurred on the
dates indicated.



Flows during the period
October 23-November 24, 1990,
which included one prewindow
period and its corresponding win-
dow, were selected for use as a
specific example in this discussion
and are shown in the green shaded
area in table 10. The prewindow
period included in this example
has the lowest average flow of all
prewindow periods (app. III).
Flows during the previous window
and subsequent prewindow are
shown outside the shaded area. The
area of connected aquatic habitat in
the floodplain was reduced by about
1,700 acres in a 3-day period (Octo-
ber 20-23) as the previous window
ended and the prewindow period
began. After the 19-day prewin-
dow period ended on November 10,
the area of connected aquatic habi-
tat increased by about 1,900 acres
in a 2-day transition period. After
the 13-day window period ended on
November 24, the area of connected
aquatic habitat decreased again by
about 1,800 acres in a 2-day period
as the next prewindow period
began. If the window had not been
implemented, the area of aquatic
habitat connected to the main
channel for the prewindow and
window period from October 23 to
November 24 would have averaged
about 910 acres (based on the aver-
age flow for that 33-day period). As
a result of this flow alteration, there
was about 590 fewer acres of con-
nected aquatic habitat during the
prewindow period than there would
have been if the window had not
been implemented. Also there was
about 1,300 more acres of con-
nected aquatic habitat during the
window than there would have been
if the window had not been imple-
mented.
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Documenting the impacts of
flow alterations on biota involves
diverse and complex investiga-
tions that are beyond the scope of
this study. However, some possi-
ble impacts on fishes are described
in the following discussion and
might serve as a basis for further
research. Probably 80 percent of
fish species known to inhabit the
Apalachicola River use floodplain
habitats as a source of food, shelter,
or reproductive sites. In addition to
590 fewer acres for 19 days from
October 23 to November 10, two
other prewindow periods occurred
in the fall of 1990, resulting in a
total of 54 days in which there was
an average of 540 fewer acres of
connected aquatic habitat available
to main channel fishes than if the
windows had not been imple-
mented (19 additional days with
400 fewer acres, and 16 additional
days with 650 fewer acres, as inter-
polated from table 9 using flows
from appendix III). A reduction in
habitat of this magnitude and dura-
tion means that food sources were
reduced for many main channel
fishes in 1990, which may have
affected both the survival rate of



Table 10. Area of aquatic habitat in the floodplain that is connected to the main channel of the Apalachicola River at flows
preceding, during, and after a navigation window and at estimated flows if the window had not been implemented
[Green shaded rows give data for the period October 23–November 24, 1990, which is used as an example in the text. Data for the transition period of
1 day are not shown. Average flow for the total period (in italics) represents the estimated flow that may have occurred during the prewindow, transition,
and window periods if the window had not been implemented. Nonshaded rows give data for the previous window and and the next prewindow. Dates
and flows for all periods were determined from daily mean flows at the Chattahoochee gage]



Period Dates
Average flow at



Chattahoochee gage
during indicated period,
in cubic feet per second



Area of aquatic habitat in
floodplain that is connected
to main channel at or above



indicated flow value,
in acres



Previous window (water release period) Oct. 15–20, 1990 12,300 2,000



Prewindow (water storage period) Oct. 23 – Nov. 10, 1990 5,900 320



Total period (prewindow, transition, and window periods
combined)



Oct. 23 – Nov. 24, 1990 8,720 910



Window (water release period) Nov. 12–24, 1990 12,900 2,200



Next prewindow (water storage period) Nov. 26 – Dec. 11, 1990 6,690 390



some fishes as well as spawning
success for certain species the
following winter and spring. Pro-
tection from predation was proba-
bly compromised also; fishes were
concentrated into less space during
prewindows which may have
affected survival rates for many
juvenile fishes. Most fishes spawn
in late winter, spring, or summer;
however, a few species such as
redfin pickerel and chain pickerel
sometimes spawn in the fall (Lee
and others, 1980). For those
species, reduced habitat during
prewindows meant that area avail-
able for spawning was reduced in
1990. Nine of the 16 prewindows
from 1990 to 1995 (app. III)
occurred in spring or summer, and
probably affected the availability
of spawning sites as well as the
survival rate of larval fishes for
many species that are spring or
summer spawners.



Of the 590 fewer acres of
connected aquatic habitat available
to main channel fishes during the
prewindow, an estimated 60 per-
cent was habitat that was drained of
all standing water and eliminated
as aquatic habitat for fishes.



Drained areas with no standing
water included low forest areas,
dry streambeds, and the exposed
parts of streambeds that were par-
tially dry and partially covered
with isolated pools in streams such
as Johnson Creek (fig. 12), Old
River, and Moccasin Slough. The
remaining 40 percent was aquatic
habitat that was disconnected from
the main channel and no longer
accessible to main channel fishes.
These disconnected aquatic
habitats include large isolated bod-
ies of water such as Iamonia Lake
(fig. 15) and Kennedy Slough (a
tributary of Kennedy Creek), as
well as many small isolated pools
in partially dry streambeds. Field
observations made by the authors
in this and a previous study
(Leitman and others, 1991)
indicate that fishes are frequently
trapped in isolated pools that can
develop stagnant conditions shortly
after they are disconnected. Oxy-
gen demand exceeds oxygen sup-
ply when organisms are trapped
and concentrated into small areas;
the result can be very low dissolved
oxygen concentrations, especially
during hot weather.
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During November 24-26,
1990, river levels at the end of a
navigation window and the start of
the next prewindow period dropped
very rapidly, with flows decreasing
by 6,210 ft3/s in a 2-day period.
Species such as taillight shiner,
flier, and warmouth that are known
to inhabit isolated pools, may not
be adversely affected by being
trapped during prewindows
because they are adapted to low
dissolved oxygen concentrations.
Many other species use the flood-
plain that may either prefer flowing
waters or be sensitive to low dis-
solved oxygen concentrations, such
as redbreast sunfish, Gulf darter,
and blackbanded darter. Less toler-
ant species are also likely to be
trapped in isolated pools, espe-
cially if river levels were consis-
tently higher in a previous window,
and then drop rapidly to very low
levels. Many fishes may succumb
to the adverse conditions, or they
may be stressed by crowding, low
dissolved oxygen, and high tem-
peratures and become vulnerable to
infection. Columnaris, a disease of
fishes that was implicated in a fish
kill that occurred in summer 1995
in the Apalachicola River (Charles
Mesing, FGFWFC, written com-
mun., 1995), is caused by a ubiqui-
tous bacterial organism that is
common in the water, soil, and
even on the skin of healthy fish.
Columnaris disease “is thought to
result more from stress factors
which adversely affect the fishes’
natural defense mechanisms, than



from the presence of the bacteria”
(Francis-Floyd, 1988).



Assessing impacts of flow
alterations is complicated by the
fact that large and sometimes rapid
fluctuations in flow occur naturally
in the Apalachicola River. Low
flows are a relatively common
occurrence in summer and fall
under unregulated conditions, and
frequent storms at that time of year
may cause rapid increases and
decreases in river flow. Determin-
ing how river level fluctuations
when flows are regulated for navi-
gation windows differ from the
fluctuations that might have
occurred if the windows had not
been implemented is an important
component in evaluating the
impacts of this flow alteration. The
19-day prewindow from October
23 to November 10, 1990, shown
in table 10 included 12 consecutive
days in which the flow was less
than 6,000 ft3/s. In that climatic
year (March 1, 1990–April 30,
1991) flows below 6,000 ft3/s
occurred only during prewindow
periods. Flows below 6,000 ft3/s
for a duration of 12 consecutive
days have occurred in only 10 per-
cent of the years 1922-95 (table 2)
which in unregulated streams
would be equivalent to once every
10 years on average. Thus a low-
flow event of this type is relatively
infrequent in the period of record,
and would probably not have
occurred in 1990 if navigation
windows had not been imple-
mented. If flow regulation to pro-
vide navigation windows for barge



traffic continues to be used in dry
years, the durations presented in
table 2 will likely change for low
and very low flows. Multiple-year
and monthly flow characteristics
also will probably change. Flows
below 6,000 ft3/s for a duration of
12 consecutive days have never
occurred each year for more than 2
consecutive years (table 3), and
have never occurred in the months
of December through July
(table 4). Continued use of naviga-
tion windows may change other
characteristics of the flow record
that were not analyzed in this
report, such as the number of times
in the driest months of September,
October, and November that flows
increase or decrease by 6,000 ft3/s
in a period of 0 to 3 days.



As the preceding discussion
implies, a thorough evaluation of
the impacts of navigation windows
or of any other type of flow alter-
ation would require additional
study which is beyond the scope of
this investigation. One particular
navigation window was used as an
example in table 10; other naviga-
tion windows and other types of
flow alterations would result in
different effects. This report pro-
vides detailed information for
determining the effects of altered
flows on types and extent of
aquatic habitat. Other important
components of impact analysis
include studies addressing effects
of altered flows on biotic commu-
nities and comparisons of altered to
historical flows.
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he Apalachicola River is a
large alluvial river in northern



Florida formed by the confluence
of the Chattahoochee and Flint
Rivers in Georgia and Alabama.
Increasing demands for water in
the three States have resulted in
conflicts, particularly during
droughts. Water requirements of
the Apalachicola River are
addressed in this report, which
presents information on aquatic
habitat in the floodplain in relation
to river flow. Results of this inves-



SUMMARY AND CONCLUSIONS



T tigation can be used to evaluate
potential impacts of flow alter-
ations on floodplain habitat.
Specific items covered in this
report are (1) an analysis of long-
term flow record in the Apalachi-
cola River, (2) a description of the
major types of floodplain streams,
lakes, and swamps in relation to
river flow, (3) estimates of the area
of several different types of flood-
plain habitat in relation to river
flow, (4) information about the
species of fishes that occur in the



floodplain, and (5) examples
showing how these results can be
used to assess impacts of flow
alterations on aquatic habitats and
fishes in the Apalachicola River
floodplain. The study was con-
ducted from 1992 to 1996 in the
nontidal floodplain of the Apalach-
icola River. Hydrologic analyses
were based on 74 years of river
stage and flow records (1922-95) at
Chattahoochee, Fla. All flows in
the following summary refer to
flows at the Chattahoochee gage.



Principal conclusions relating to the first four items are grouped by the following general flow ranges:



Very low flows (less than 6,000 ft3/s)



• Very low flows occurred in 15 of the 74 years of record. Flows less than 5,000 ft3/s occurred in only 4 years
(1981, 1986, 1987, and 1988). The lowest mean daily flow in the period of record was 3,900 ft3/s in
November 1987. The droughts of the 1980’s were the most severe in terms of low-flow durations in a single
year; however, the 1950’s drought was drier in terms of multiple-year low-flow durations.



• At a river flow of 5,000 ft3/s, an estimated 260 acres of floodplain streams and lakes is aquatic habitat
connected to the main channel, most of which is still-water habitat in the nontidal lower reach. The lower
reach has many streams and lakes, such as Owl Creek and Lockey Lake, with bottom elevations below sea
level and deep connections to the main channel at very low flows.



• In the upper reach, entrenchment that occurred after construction of Jim Woodruff Dam lowered bed eleva-
tions and river stages and altered connections between floodplain streams and the main channel. Many peren-
nial streams in the upper reach, such as Flat Creek and Mosquito Creek, which were accessible to main
channel fishes at low and very low flows prior to entrenchment, are now inaccessible because of waterfalls or
very shallow water at their mouths.



• At a river flow of 5,000 ft3/s, about 77,900 acres (95 percent of the floodplain) is forest habitat with no
surface water present. Major forest types are tupelo-cypress and mixed bottomland hardwoods; surface soils
are predominantly silt-clays.



• At a river flow of 5,000 ft3/s, about 4,000 acres (5 percent of the floodplain) is isolated aquatic habitat. Most
of these areas are tupelo-cypress swamps with standing water less than 3 ft deep. The pond level in some
isolated swamps in the upper reach can be perched as much as 12 ft above the elevation of the low-water
surface of the river.



• About one-third of the 91 fish species known to inhabit the Apalachicola River have been collected in
isolated aquatic habitat in river floodplains of the eastern United States; the most common being redfin pick-
erel, golden shiner, taillight shiner, yellow bullhead, pirate perch, mosquitofish, least killifish, flier, banded
pygmy sunfish, warmouth, bluegill, and black crappie.
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Low flows (6,000–10,000 ft3/s)



• Low flows occur in most years. The median annual 1-day low flow for the period of record is 8,490 ft3/s.
Flows less than 8,000 ft3/s occurred in 34 of the 74 years of record. Low flows typically occur in September,
October, and November.



• At a river flow of 8,000 ft3/s, the estimated area of connected aquatic habitat in the floodplain is 740 acres.
Most of this area is located in tributary lakes, which are open bodies of water with little or no flow that are
affected by backwater from the main river channel. The largest tributary lakes are Iamonia Lake, Outside
Lake, and Florida River in the middle reach, and River Styx and Kennedy Creek in the nontidal lower reach.



• At a river flow of 8,000 ft3/s, the area of still-water habitat (660 acres) greatly exceeds the area of flowing
water habitat (86 acres). Both still-water and flowing-water habitats in shallow floodplain water bodies
provide refuges for fishes from the deeper and more swiftly flowing waters in the main channel.



• At low flows, most of the connected aquatic habitat is confined to streambeds in which the amount of vegeta-
tive structure is lower than in other floodplain habitat, but probably higher than in the main channel.



• Forty-four fish species were collected in connected aquatic habitat in the Apalachicola River floodplain
during low flows, the most common being bluegill, brook silverside, bowfin, largemouth bass, spotted gar,
redear sunfish, spotted sucker, warmouth, American eel, and redbreast sunfish. These collections were made
in a previous study by the Florida Game and Fresh Water Fish Commission, primarily in large tributary lakes
connected to the main channel in the middle and lower reaches of the river.



Medium flows (10,000–20,000 ft3/s)



• Medium flows occur every year. The median flow for the period of record is 16,400 ft3/s. Flows less than
16,000 ft3/s do not normally occur in the wettest months of February, March, and April; flows greater than
16,000 ft3/s do not normally occur in the driest months of September, October, and November.



• At river flows above 10,000 ft3/s, the area of connected aquatic habitat increases more rapidly in forests than
in streams and lakes. At the median flow of 16,400 ft3/s, approximately 8,200 acres (10 percent of the flood-
plain) is connected aquatic habitat. Most of these areas are tupelo-cypress swamps bordering streams and
lakes in the middle and nontidal lower reaches that are inundated by backwater from the main channel.



• During medium flows, water in most of the connected aquatic habitat in forests is not flowing. Opportunities
for water to flow through floodplain forests are limited because the water is not yet high enough to break over
levees and ridges that control connections between different parts of floodplain.



• At a river flow of 19,000 ft3/s, most of the 230 miles of streams and lakes that are connected to the main chan-
nel is flowing. Tributary lakes of the middle and lower reach are still affected by backwater at this flow, but
are slowly flowing because a considerable amount of water from the main channel is being diverted into them
by way of connector streams. Bee Tree Slough and Mary Slough are examples of connector streams flowing
from the main channel into Iamonia Lake during medium river flows. Connector streams also carry water
from one tributary lake to another, such as Shepard Slough, which flows from River Styx to Kennedy Creek.
Loop streams such as Old River are fed by flow diverted from the main channel that flows for a few miles
through the floodplain and then back into the river farther downstream.



• The amount of vegetative structure in connected aquatic habitat is much greater during medium flows than
during low flows. This is because water is no longer contained in the beds of floodplain streams, but is cover-
ing vegetation and woody debris on streambanks and in adjacent swamps. Flooded vegetative structure
provides cover for prey refuges, food sources, and reproductive sites for fishes and aquatic invertebrates.
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Medium-high flows (20,000–50,000 ft3/s)



• Medium-high flows occur every year. In a typical year of the period of record, flows exceeded 20,000 ft3/s for
a total duration of 142 days and exceeded 45,000 ft3/s for 30 days. The lowest annual 1-day high flow was
24,300 ft3/s in 1941.



• As flows increase from 20,000 to 50,000 ft3/s, the area of connected aquatic habitat increases from about 19
to 82 percent of the floodplain. An estimated 40,700 acres, which is approximately one-half of the floodplain,
is connected aquatic habitat at a river flow of 32,000 ft3/s.



• At flows from 23,000 to 40,000 ft3/s, the area of flowing-water habitat is roughly equal to the area of still-
water habitat. Water velocities observed in most flowing-water habitats in the floodplain (less than 1 ft/s) are
much lower than velocities in the main channel (1-4 ft/s), with the exception of loop and connector streams
that carry river water at a relatively high velocity along a steeper course than the main channel.



• Nearly all aquatic habitat in tupelo-cypress swamps that is isolated at lower flows is connected to the main
channel between flows of 20,000 to 40,000 ft3/s. The flow required to flood isolated swamps decreases down-
stream, with river flows of 30,000 to 35,000 ft3/s required to flood most isolated swamps in the upper reach,
and 20,000 to 25,000 ft3/s required in the nontidal lower reach. Large areas of organic soils in isolated
swamps, which comprise about 3 percent of the floodplain, are connected to the main channel at medium-
high flows.



High flows (greater than 50,000 ft3/s)



• High flows occur in most years. The median annual 1-day high flow for the period of record was 86,200 ft3/s.
Flows above 100,000 ft3/s occurred in 25 of the 74 years of record. The highest mean daily flow was
291,000 ft3/s in March 1929.



• At the median annual 1-day high flow of 86,200 ft3/s, about 78,000 acres (95 percent of the floodplain) is
connected aquatic habitat. The remaining 4,200 acres of floodplain that is still dry and exposed at this flow is
mostly high levees adjacent to the main channel. Most of the 6,400 acres of sandy soils in the floodplain are
found on high levees.



• During high flows, water is moving through most of the floodplain in a general downstream direction. At a
flow of 65,000 ft3/s, more than 99 percent of the aquatic habitat in the floodplain is flowing.



• Many main channel fishes migrate into inundated floodplain forests where greatly increased food sources and
abundant vegetative structure are available to them. Eighty percent, or 73 of the 91 species known to inhabit
the Apalachicola River have been collected in river floodplains of the eastern United States under various
hydrologic conditions and are probably present in floodplains during floods.



The following are principal conclusions relating to the last item, application of study results to assess
impacts of flow alterations on aquatic habitats and fishes in the Apalachicola River floodplain:



• Flow reductions that occur when flows are less than 16,000 ft3/s will result in a decrease in area of most types
of connected aquatic habitat in the floodplain in most reaches of the river. Specific effects of flow reductions
vary with the range of flows at which the reduction occurs.



• Generally, when flows are between 4,000 and 16,000 ft3/s, much larger areas of connected aquatic habitat are
affected by flow reductions occurring at higher flows within that range than at lower flows. However, rela-
tively small decreases in a particular type of habitat can be extremely important to certain species, especially
during low flows when that type of habitat is already scarce. For example, the amount of flowing-water
habitat in streams of the upper reach is extremely small during low flows. Relatively minor flow reductions
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during low flows may have a large impact on striped bass if cool-water streams used for thermal refuges are
affected.



• Flow regulation to create navigation windows for barge traffic during the period October 23-November 24,
1990, was selected for use as an example period of altered flows. Flows decreased rapidly by 6,400 ft3/s
immediately prior to the prewindow period, flows increased rapidly by 7,000 ft3/s just prior to the window
period, and flows decreased rapidly again by 6,210 ft3/s immediately after the window. As a result of this
flow alteration, there was about 590 fewer acres of connected aquatic habitat during the prewindow period
than there would have been if the window had not been implemented. Also there was about 1,300 more acres
of connected aquatic habitat during the window than there would have been if the window had not been
implemented.



• Although detailing the effects of flow alterations on biota was beyond the scope of this study, some possible
impacts on fishes were described to provide suggestions for further evaluation and research. Reduced aquatic
habitat in the floodplain limits the amount of food, protective cover, and spawning sites for many species of
fishes that utilize these areas. When flows are reduced, some areas are drained of all standing water and
eliminated as aquatic habitat for fishes. Other habitat remains aquatic after flows decrease, but is discon-
nected from the main channel and can no longer be accessed by main channel fishes. Fishes are likely to be
trapped in isolated pools, especially if river levels drop rapidly, and may be subjected to crowded conditions
and low dissolved oxygen concentrations. Many fishes may succumb to the adverse conditions, or they may
be stressed and become vulnerable to infection.



• Assessing impacts of flow alterations is complicated by the fact that large and sometimes rapid fluctuations in
flow occur naturally in the Apalachicola River. A low-flow event of the type that occurred in the period of
flow regulation used as an example in this report occurred once every 10 years on average in the 74-year
period of record, and would probably not have occurred that year if navigation windows had not been imple-
mented. Continued use of navigation windows in dry years will likely change low flow characteristics of the
river and potentially affect biotic communities in the floodplain.



• To thoroughly evaluate the impacts of navigation windows or of any other type of flow alteration, it is impor-
tant to determine the types and extent of habitat affected, address impacts on biotic communities, and make
comparisons of altered to historical flows.
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Appendix I. Greatest number of consecutive days and total number of days in each year from 1922 to 1995 that flow was
below given flow values from 4,000 to 16,000 cubic feet per second in the Apalachicola River at Chattahoochee, Florida



A. GREATEST NUMBER OF CONSECUTIVE DAYS



[Analysis is based on climatic years of April 1–March 31 to avoid splitting low-flow periods that typically occur in summer and fall]



Year
Greatest number of consecutive days in indicated year that flow was below given flow value



4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000 16,000



1922 0 0 0 0 7 19 46 49 106 107 109 119 120



1923 0 0 0 0 0 0 8 28 31 36 36 60 75



1924 0 0 0 0 0 5 7 23 35 35 35 35 35



1925 0 0 57 63 98 101 104 106 156 156 164 208 210



1926 0 0 0 0 0 0 6 19 36 37 43 43 44



1927 0 0 3 66 88 97 98 99 107 109 109 111 118



1928 0 0 0 0 0 0 0 0 2 6 11 30 33



1929 0 0 0 0 0 0 4 6 14 26 28 33 34



1930 0 0 0 0 3 12 19 20 32 34 39 47 52



1931 0 0 32 58 95 101 103 106 109 109 111 205 207



1932 0 0 0 0 0 11 19 31 45 46 51 52 52



1933 0 0 0 0 6 43 84 110 121 163 166 192 217



1934 0 0 0 0 4 14 32 44 68 84 86 86 87



1935 0 0 5 30 39 46 49 54 57 60 61 62 111



1936 0 0 0 0 0 0 2 3 10 31 37 50 51



1937 0 0 0 0 0 0 0 3 6 18 32 33 47



1938 0 0 0 6 30 52 96 116 138 148 169 173 174



1939 0 0 0 0 0 10 57 62 73 79 80 83 85



1940 0 0 0 9 44 47 60 66 67 68 106 117 125



1941 0 0 1 40 52 89 96 104 120 121 123 128 128



1942 0 0 0 0 0 0 2 12 24 54 63 64 66



1943 0 0 0 0 2 30 43 45 78 79 128 129 132



1944 0 0 0 0 0 3 25 49 58 60 74 77 110



1945 0 0 0 0 0 0 2 9 10 24 27 28 56



1946 0 0 0 0 0 0 0 3 7 24 33 81 94



1947 0 0 0 0 0 0 4 12 37 61 67 70 70



1948 0 0 0 0 0 0 0 0 0 8 10 13 16



1949 0 0 0 0 0 0 0 0 2 19 36 37 39



1950 0 0 0 0 10 20 40 42 48 50 90 91 105



1951 0 0 0 28 36 51 54 77 78 80 81 225 226



1952 0 0 0 24 52 67 71 76 116 117 179 180 200



1953 0 0 0 0 0 0 6 12 22 38 53 54 55



1954 0 0 64 80 105 128 155 157 158 185 192 195 208



1955 0 0 53 70 85 93 170 175 177 178 183 183 189



1956 0 0 7 35 41 50 64 68 70 134 135 135 135
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1957 0 0 4 5 34 45 52 53 77 79 86 87 87



1958 0 0 0 0 2 7 24 55 66 107 109 128 134



1959 0 0 0 0 0 4 14 14 21 26 31 32 42



1960 0 0 0 0 0 2 8 11 35 43 109 111 112



1961 0 0 0 0 6 16 49 57 82 83 83 91 92



1962 0 0 0 2 5 16 32 43 105 131 136 137 138



1963 0 0 0 0 3 16 41 116 117 117 125 125 126



1964 0 0 0 0 0 0 0 0 1 2 3 5 8



1965 0 0 0 0 0 0 0 2 8 23 28 32 40



1966 0 0 0 0 0 0 0 2 24 34 59 59 60



1967 0 0 0 0 0 0 0 0 5 14 30 49 60



1968 0 0 0 3 30 57 76 76 161 166 210 210 211



1969 0 0 0 0 0 0 3 13 55 65 66 68 68



1970 0 0 0 0 0 0 4 13 33 49 54 57 57



1971 0 0 0 0 0 0 0 3 21 27 33 65 66



1972 0 0 0 0 0 0 34 72 93 113 116 117 122



1973 0 0 0 0 0 0 0 22 38 45 59 66 67



1974 0 0 0 0 0 0 0 29 73 73 77 77 78



1975 0 0 0 0 0 0 0 0 0 3 4 5 9



1976 0 0 0 0 0 0 0 0 8 16 35 41 64



1977 0 0 0 0 0 0 19 40 58 65 68 92 92



1978 0 0 0 0 0 36 80 97 112 118 131 131 137



1979 0 0 0 0 0 0 0 4 27 50 57 58 59



1980 0 0 0 0 0 6 153 162 177 208 209 209 220



1981 0 1 40 49 64 76 174 241 244 256 261 261 262



1982 0 0 0 0 0 0 0 0 10 49 61 75 96



1983 0 0 0 0 0 0 0 2 7 16 30 63 106



1984 0 0 0 0 0 0 0 26 65 80 81 88 143



1985 0 0 0 0 0 6 44 60 61 78 105 110 216



1986 0 2 41 50 122 144 192 208 209 212 213 234 236



1987 3 6 6 14 15 49 90 97 132 140 169 184 188



1988 0 20 35 68 73 81 83 95 128 232 286 292 293



1989 0 0 0 0 0 0 0 3 7 14 15 28 40



1990 0 0 12 20 22 46 89 103 105 105 136 168 200



1991 0 0 0 1 20 23 23 23 24 35 41 55 111



1992 0 0 0 0 3 3 11 15 15 18 53 71 72



1993 0 0 3 12 14 17 22 22 23 74 74 112 147



1994 0 0 0 0 1 1 3 9 9 10 18 18 18



1995 0 0 0 0 13 15 19 19 19 19 20 82 87



Year
Greatest number of consecutive days in indicated year that flow was below given flow value



4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000 16,000
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Appendix I.Greatest number of consecutive days and total number of days in each year from 1922 to 1995 that flow was
below given flow values from 4,000 to 16,000 cubic feet per second in the Apalachicola River at Chattahoochee, Florida--



Continued



B. TOTAL NUMBER OF DAYS



[Analysis is based on climatic years of April 1–March 31 to avoid splitting low-flow periods that typically occur in summer and fall]



Year
Total number of days in indicated year that flow was below given flow value



4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000 16,000



1922 0 0 0 0 27 63 85 98 106 110 122 137 149



1923 0 0 0 0 0 0 18 43 52 58 64 76 84



1924 0 0 0 0 0 14 31 71 88 101 118 124 129



1925 0 0 57 82 104 137 161 182 205 216 233 249 254



1926 0 0 0 0 0 0 6 42 84 122 153 177 197



1927 0 0 5 75 96 144 157 179 226 244 261 277 291



1928 0 0 0 0 0 0 0 0 2 12 41 59 70



1929 0 0 0 0 0 0 6 9 15 27 30 36 44



1930 0 0 0 0 6 20 40 65 87 100 115 135 148



1931 0 0 45 79 102 144 161 173 180 189 197 205 207



1932 0 0 0 0 0 15 33 46 58 84 109 141 161



1933 0 0 0 0 36 91 111 138 170 215 242 259 267



1934 0 0 0 0 12 40 71 110 146 178 195 214 231



1935 0 0 5 31 53 79 119 150 166 188 203 222 235



1936 0 0 0 0 0 0 3 15 47 91 115 131 135



1937 0 0 0 0 0 0 0 3 16 55 85 112 156



1938 0 0 0 8 38 83 119 137 155 181 199 217 225



1939 0 0 0 0 0 18 57 65 74 95 115 131 140



1940 0 0 0 14 44 52 60 72 110 149 182 208 232



1941 0 0 1 79 115 140 156 187 203 212 221 232 242



1942 0 0 0 0 0 0 6 32 52 75 100 117 146



1943 0 0 0 0 5 47 75 103 117 125 130 146 174



1944 0 0 0 0 0 7 29 49 67 85 108 146 183



1945 0 0 0 0 0 0 2 27 55 91 114 136 168



1946 0 0 0 0 0 0 0 4 24 59 92 115 124



1947 0 0 0 0 0 0 7 29 49 63 72 82 89



1948 0 0 0 0 0 0 0 0 0 10 25 35 51



1949 0 0 0 0 0 0 0 0 5 23 59 90 114



1950 0 0 0 0 11 59 89 111 139 176 226 252 269



1951 0 0 0 52 75 104 134 161 180 201 216 230 235



1952 0 0 0 27 62 101 132 152 167 178 186 193 204



1953 0 0 0 0 0 0 6 33 64 81 101 114 126



1954 0 0 67 83 114 145 190 208 227 257 272 290 303



1955 0 0 54 115 166 208 227 239 250 264 271 278 292



1956 0 0 11 42 101 139 177 199 214 248 258 268 273











Appendix 65



1957 0 0 14 23 53 80 99 117 127 138 143 150 152



1958 0 0 0 0 4 31 63 83 122 149 161 177 192



1959 0 0 0 0 0 11 19 26 51 62 92 114 130



1960 0 0 0 0 0 7 33 64 105 178 215 230 244



1961 0 0 0 0 15 47 67 77 87 101 110 123 129



1962 0 0 0 4 12 32 81 133 156 171 187 206 220



1963 0 0 0 0 3 40 106 136 153 163 173 178 188



1964 0 0 0 0 0 0 0 0 1 5 11 17 31



1965 0 0 0 0 0 0 0 4 44 75 104 125 142



1966 0 0 0 0 0 0 0 7 52 74 93 111 136



1967 0 0 0 0 0 0 0 0 13 76 122 154 178



1968 0 0 0 5 38 67 83 122 176 230 263 273 288



1969 0 0 0 0 0 0 5 25 134 169 186 204 217



1970 0 0 0 0 0 0 10 38 91 117 137 168 190



1971 0 0 0 0 0 0 0 6 42 61 84 92 104



1972 0 0 0 0 0 0 54 72 113 163 179 188 194



1973 0 0 0 0 0 0 0 27 42 65 83 99 112



1974 0 0 0 0 0 0 0 60 120 128 142 162 173



1975 0 0 0 0 0 0 0 0 0 5 18 31 39



1976 0 0 0 0 0 0 0 0 20 69 84 98 107



1977 0 0 0 0 0 0 45 84 138 165 171 182 189



1978 0 0 0 0 0 40 86 105 140 160 177 190 207



1979 0 0 0 0 0 0 0 11 92 133 160 168 179



1980 0 0 0 0 0 27 153 162 193 227 241 250 255



1981 0 1 40 65 81 101 175 241 244 257 261 261 264



1982 0 0 0 0 0 0 0 0 10 94 133 153 156



1983 0 0 0 0 0 0 0 5 34 48 105 122 134



1984 0 0 0 0 0 0 0 53 65 89 150 174 182



1985 0 0 0 0 0 6 77 130 142 177 204 224 229



1986 0 10 54 96 123 182 192 208 209 212 215 234 238



1987 3 6 6 14 19 58 92 116 144 167 182 202 223



1988 0 29 35 68 73 81 95 190 261 283 291 303 308



1989 0 0 0 0 0 0 0 3 8 14 18 63 102



1990 0 0 12 52 76 133 148 159 163 181 194 198 210



1991 0 0 0 2 21 23 23 23 29 38 41 80 123



1992 0 0 0 0 4 5 15 18 46 72 138 169 175



1993 0 0 7 26 33 40 82 94 107 132 140 158 189



1994 0 0 0 0 1 1 3 12 13 17 29 29 33



1995 0 0 0 0 26 56 69 76 76 79 89 134 153



Year
Total number of days in indicated year that flow was below given flow value



4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000 16,000
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Appendix II.  Lengths of floodplain streams and lakes connected to main channel of the nontidal Apalachicola River at flows
ranging from 4,000 to 19,000 cubic feet per second
[“Connected” means that approximately level water passageways exist between floodplain water bodies and the river, allowing 2-way fish
access from river to floodplain and floodplain to river.  rm, river mile; RB, right bank (looking downstream) of Apalachicola River; LB, left bank
of Apalachicola River; RBC, right bank of lower Chipola River; LBC, left bank of lower Chipola River; Chip10,000 (and other similar Chip
numbers), notation to describe location of stream in number of feet upstream of mouth of lower Chipola River (which is located at rm 27.9 on
the Apalachicola River); ft3/s, cubic feet per second; ft, feet; inc, including; trib, tributary; conf, confluence; approx, approximately; R, river]



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft



 4,0003 Graves Creek (from mouth at rm 88.8 to 1,960 ft upstream)--RB 1,960



Sutton Lake--rm 78.1--RB 2,520



unnamed cutoff from  rm 50.7 to rm 49.7--RB 2,300



Porter Lake (from mouth at rm 48.2 to 590 ft upstream)--RB 590



Florida R (from mouth at rm 43.2 to to downstream connection of Larkin Slu)--LB 25,010



R Styx (from mouth at rm 35.3 to 1,300 ft upstream)--LB 1,300



Dead R (from mouth  located 1,200 ft upstream of mouth of R Styx  to  approx 3,000 ft upstream)--LB 3,000



unnamed stream at lower end of Battle Bend (from mouth at rm 28.6 to 320 ft upstream)--LB 320



unnamed stream--rm 27.1--RB 1,670



unnamed stream--rm 27.0--RB 1,170



unnamed stream--rm 26.6--RB 1,980



unnamed stream--rm 24.8--RB 1,230



unnamed stream--rm 24.75--RB 1,320



Brushy Creek (from mouth at rm 24.0 to head at rm 25.7)--LB 8,520



unnamed stream connecting Brushy Creek to Kennedy Creek (from mouth approx 6,400 ft upstream of mouth of Brushy Creek
to 2,800 ft upstream)--LB



4,290



unnamed stream--rm 23.5--LB 1,460



Scott Creek--rm 23.3--LB 2,230



Owl Creek--rm 22.1--LB6 9,190



Devon Creek (mouth approx 3,400 ft upstream of mouth of Owl Creek)--LB6 780



unnamed stream--rm 21.8--RB 2,350



unnamed stream--rm 21.55--RB 840



unnamed stream--rm 21.3--RB 1,330



Brickyard Creek (from mouth at rm 20.6 to 1,600 ft upstream) inc 1 trib--LB 6,580



White R (from mouth at Chip49,900 to 5,790 ft upstream)--LBC 5,790



unnamed trib of White R (mouth approx 600 ft upstream of mouth of White R at Chip49,900)--LBC 3,670



Lockey Lake inc unnamed trib--Chip19,500--RBC 4,440



Douglas Slough (from mouth at Chip8,200 to 3,810 ft upstream)--LBC 3,810



4,000 Subtotal 99,650
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 5,000 Sweetwater Creek inc 1 trib--rm 89.3--LB 5,220



Bayou (from mouth on Sutton Lake to US 20)--rm 78.1-RB 4,250



unnamed stream (from mouth at rm 50.7 going north towards Brown Lake to 3,050 ft upstream)--RB 3,050



Outside Lake (from mouth at rm 63.9 to 2,900 ft upstream)--LB 2,900



Swift Slu (from mouth on R Styx to 2,400 ft upstream)--LB 2,400



Moccasin Slough (from mouth on R Styx to 1,100 ft upstream)--LB 1,100



R Styx (from 1,300 ft upstream of mouth at rm 35.3 to approx 18,200 ft upstream)--LB 16,900



unnamed stream inc 1 trib--rm 30.05--RB 5,120



Kennedy Creek (from mouth at rm 26.0 to 26,670 ft upstream)--LB 26,670



unnamed trib of Kennedy Creek (from mouth 800 ft upstream of mouth of Kennedy Creek to 2,900 ft upstream) inc 1 trib--LB 3,680



unnamed trib of Kennedy Creek (from mouth 15,800 ft upstream of mouth of Kennedy Creek to 600 ft upstream)--LB 600



3 unnamed tribs of Lockey Lake (mouths 1,600,  2,400,  and 2,410 ft upstream of mouth of Lockey Lake)--RBC7 7,170



Douglas Slough (from 3,810 ft upstream of mouth at Chip8,200 to head at Chip12,700)--LBC7 2,300



unnamed stream--Chip3,400--RBC 2,740



unnamed stream--Chip1,500--RBC 1,500



 5,000 Subtotal 85,600



 6,000 unnamed stream--rm 101.1--LB       160



Flat Creek inc 2 tribs--rm 99.5--LB 14,140



Equaloxic Creek (from mouth at rm 51.9 to 6,000 ft upstream)--LB    6,000



Iola Lake--rm 45.2--RB    1,100



old channel loop of Florida R (connected at approx 2,600 and 3,500 ft upstream of mouth of Florida R)--LB       5,000



Swift Slough (from 2,000 ft upstream of mouth on R Styx to head at rm 40.3)--LB 11,870



2 unnamed streams inc connection to Douglas Slu--rm 30.3 and rm 30.08--RB 7,550



unnamed stream--rm 26.25--RB 890



unnamed trib of Kennedy Creek (mouth approx 9,000 ft upstream of mouth of Kennedy Creek)--LB 3,630



unnamed trib of Kennedy Creek (from 600 ft upstream of mouth 15,800 ft upstream of mouth of Kennedy Creek to 760 ft
upstream)--LB



160



unnamed trib (mouth 2,400 ft upstream of mouth of unnamed trib 800 ft upstream of mouth of Kennedy Creek)--LB 1,410



Kennedy Slough (from mouth 1,800 ft upstream of mouth of Kennedy Creek to 7,550 ft upstream) inc 2 tribs--LB 9,790



Shepard Slough (from mouth on Kennedy Creek to approx 3,500 ft upstream) inc 1 trib--LB 9,420



unnamed stream connecting Brushy Creek to Kennedy Creek (from approx 2,800 ft upstream of mouth on Brushy Creek to
head at Kennedy Creek)--LB



2,970



unnamed stream--rm 22.05--RB 360



unnamed stream--Chip64,500--LBC 4,650



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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6,000 Gum Drift Slough (from head at Chip52,500 to 6,090 ft downstream)--RB 6,090



unnamed stream (from mouth at Chip42,800 to 2,860 ft upstream)  inc alternate head at Chip45,700--LBC7 3,300



unnamed stream--Chip40,800--LBC 1,210



unnamed stream--Chip18,600--RBC 1,650



2 unnamed tribs of Douglas Slough and connecting stream (mouths at 100 and 500 ft upstream of mouth of Douglas Slough at
Chip8,200)--LBC



2,950



Spiders Cut--Chip2,400--RBC 4,600



 6,000 Subtotal 98,900



 7,000 Equaloxic Creek (from approx 6,000 ft upstream of mouth at rm 51.9 to 12,010 ft)--LB    6,010



unnamed stream (from mouth at rm 50.7 to south end of Brown Lake)--RB    3,000



Kentucky Lake--rm 43.8--RB    1,830



Larkin Slu (from mouth on Florida R approx 22,400 ft upstream of mouth of Florida R to Gregory Mill Creek)--LB       5,980



2 unnamed tribs of R Styx (from their mouths 5,600 and 7,000 ft upstream of mouth of R Styx to approx 100 ft upstream)--LB 200



unnamed stream--rm 26.15--RB 1,050



2 unnamed tribs of Kennedy Creek (mouths at 1,350 and 1,450 ft upstream of mouth of Kennedy Creek)--LB 1,600



unnamed trib of Kennedy Creek (mouth 22,900 ft upstream of mouth of Kennedy Creek)--LB 3,340



unnamed trib of Kennedy Creek (from 2,900 ft upstream of mouth on Kennedy Creek at approx 800 ft upstream of mouth of
Kennedy Creek to 3,560 ft upstream) inc 1 trib--LB



1,460



unnamed trib of Kennedy Slough (from 1,000 ft upstream of mouth at 3,000 ft upstream of mouth of Kennedy Slough to 1,500
ft upstream)--LB



500



Shepard Slough (from approx 3,500 ft upstream of mouth on Kennedy Creek to 7,000 ft upstream)--LB 3,480



unnamed stream--rm 23.35--RB 750



Maddox Slough (from mouth at Chip53,600  following westward course to floodplain edge 1,750 ft upstream)--RBC 1,750



White R (from approx 5,800 ft upstream of mouth at Chip49,900 to 10,800 ft upstream)--LBC 4,980



unnamed stream connecting trib of White R (mouth 600 ft upstream of mouth of White R) to Corley Slough inc Corley Slough
to conf with Virginia Cut--LBC7



4,470



unnamed stream inc 2 tribs--Chip46,100--LBC7 5,130



Virginia Cut (from mouth at Chip37,300 to 12,790 ft upstream)--LBC 12,790



Burgess Creek (from mouth at Chip35,900 to 8,050 ft upstream) inc 3 tribs--RBC7 12,590



2 unnamed tribs of unnnamed stream (mouths 200 and 600 ft upstream of mouth of unnamed stream at Chip3,400)--RBC 1,710



 7,000 Subtotal 72,620



 8,000 Mosquito Creek inc 1 trib--rm 105.1--LB    8,580



unnamed stream--rm 95.5--LB6    5,110



Johnson Creek (from mouth at rm 93.9 to 1,810 ft upstream)--RB    1,810



Old R (from rm 77.0 to north end of Baker Branch), Baker Branch, Sutton Creek, and Hicks Creek--RB    33,880



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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 8,000 Dead R (at Poloway Point)--rm 71.4--LB  6,600



Iamonia Lake (from mouth at rm 55.8 to 26,180 ft upstream) inc McDougal Lake, Rudy Slough, and Lots Mill Creek --RB 33,780



Equaloxic Creek inc 2 tribs (from 12,010 ft upstream of mouth at rm 51.9 to Big Gully Creek)--LB  12,010



Porter Lake (from 590 ft upstream of mouth at rm 48.2 to north end)--RB    1,060



Florida R (from downstream connection of Larkin Slu to 26,000 ft upstream of mouth at rm 43.2) inc lower end of Dog Slough
(from mouth on Florida R to 890 ft upstream)--LB



  5,890



R  Styx (from approx 18,200 ft upstream of mouth at rm 35.3 to 20,200 ft upstream)--LB 2,000



unnamed stream--rm 26.3--RB 690



Shepard Slough (from approx 7,000 ft upstream of mouth on Kennedy Creek to 11,000 ft upstream) inc 1 trib--LB 8,580



unnamed stream inc trib--Chip70,000--RBC 1,360



Magnolia Slough--Chip56,100--LBC 1,320



unnamed stream--Chip45,000--LBC7 90



Roberts Slough (from mouth at Chip40,900 to 1,830 ft upstream)--RBC7 1,830



Burgess Creek (from 8,050 ft upstream of mouth at Chip35,900 to conf with Roberts Slough)--RBC7 2,730



Piney Reach Slough--Chip22,500--LBC 4,800



unnamed stream--Chip10,400--RBC 2,630



unnamed stream--Chip7,900--RBC 720



 8,000 Subtotal 134,470



 9,000 Rock Creek--rm 95.2--LB6    1,090



unnamed stream inc 2 tribs--rm 88.5--LB    2,760



Outside Lake (from 2,900 ft upstream of mouth at rm 63.9  to 9,000 ft)--LB    6,100



Bee Tree Slough (from mouth at rm 61.1 to 1,320 ft upstream)--RB    1,320



Mary Slough (from mouth on Iamonia Lake to 1,210 ft upstream)--RB    1,210



Middle Slough (from mouth on Iamonia Lake to 1,900 ft upstream)--RB    1,900



unnamed stream--rm 51.6--LB    2,400



Brown Lake--RB       790



Moccasin Slough (from 1,100 ft upstream of mouth on R Styx to head at rm 38.8)--LB 11,880



unnamed trib of Dead R (mouth approx 3,200 ft upstream of mouth of Dead R on R Styx)--LB 960



unnamed stream at downstream end of Battle Bend (from 320 upstream of mouth at rm 28.6 to approx 4,430 ft upstream)--LB 4,430



unnamed trib of Kennedy Creek (mouth approx 18,000 ft upstream of mouth of Kennedy Creek at rm 26.0)--LB 700



Shepard Slough (from approx 11,000 ft upstream of mouth on Kennedy Creek to 14,600 ft upstream) inc 2 tribs--LB 6,860



unnamed stream--rm 24.4--LB 480



unnamed stream--rm 22.1--RB 2,160



unnamed stream--rm 22.0--RB 500



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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9,000 unnamed stream--Chip65,900--LBC 2,170



Gum Drift Slough (from approx 6,100 ft downstream of head at Chip52,500 to conf with Roberts Slough)--RBC7 6,090



Roberts Slough (from 1,830 ft upstream of mouth at Chip40,900 to approx 9,400 ft upstream) inc 2 tribs--RBC7 8,930



unnamed trib of White R (mouth approx 6,500 ft upstream of mouth of White R at Chip49,900)--LBC 2,320



unnamed stream--Chip44,600--LBC7 220



Van Horn Slough--Chip31,200--LBC 1,310



2 unnamed tribs of Piney Reach Slough (mouths 500 and 3,000 ft upstream of mouth of Piney Reach Slough at Chip22,500)--
LBC7



2,510



 9,000 Subtotal 69,090



10,000 Spring Branch inc 2 tribs--rm 100.6--RB    6,620



Ocheesee Creek inc tribs--rm 93.3--RB 15,880



unnamed stream at Caraway Landing inc trib--rm 90.6--RB    3,990



Little Sweetwater Creek--rm 84.4--LB    2,000



Bee Tree Slough (from 1,320 ft from mouth at rm 61.1 to conf with Middle Slough)--RB    1,320



3 unnamed tribs of Swift Slough (mouths 2,000,  6,400,  and  6,600 ft upstream of mouth of Swift Slough on R Styx)--LB 4,400



Hog Slough (from head at rm 40.0 to mouth on Swift Slough)--LB 8,060



unnamed stream--rm 30.12--RB 1,740



Shepard Slough (from approx 14,600 ft upstream of mouth on Kennedy Creek to approx 18,100 ft upstream)--LB 3,480



unnamed stream--rm 25.9--RB 210



Maddox Slough (from approx 1,300 downstream of head at Chip53,600 to conf with Tom Smith Branch)--RBC7 6,740



2 unnamed tribs of White R (mouths 1,200 and 1,900 ft upstream of mouth of White R at Chip49,900)--LBC7 1,460



Tom Smith Branch (from conf with Roberts Slough to floodplain edge)--RBC7 8,010



unnamed stream--Chip39,800--LBC7 1,230



Virginia Cut (from 12,790 ft upstream of mouth at Chip37,300 to head approx 24,390 ft upstream) inc 1 trib--LBC7 13,190



unnamed stream--Chip37,250--LBC7 1,470



unnamed stream--Chip26,800--LBC 1,250



unnamed stream--Chip26,700--LBC7 1,560



10,000 Subtotal 82,610



11,000 Blue Spring run and spring (before restoration)--rm 98.0--RB6    1,880



Johnson Creek (from 1,810 ft upstream of mouth at rm 93.9 to 2,530 ft)--RB      720



Beaverdam Creek--rm 84.5--LB    7,960



Bayou (from US Highway 20 to 18,790 ft upstream of mouth on Sutton Lake) inc Stafford Creek--RB    20,370



unnamed trib of Dead R (mouth approx. 3,400 ft from mouth of Dead R at rm 71.4)--LB       1,870



Outside Lake (from approx 9,000 ft upstream of mouth at rm 63.9 to 17,700 ft upstream) inc Johnson Mill Creek--LB   11,010



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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11,000 unnamed slu to Muscogee Lake (from mouth at rm 60.2 to 1,940 ft upstream)--LB    1,940



Middle Slough (from 1,900 ft upstream of mouth on Iamonia Lake to Bee Tree Slu)--RB       7,090



unnamed slu to Miller Lake--rm 57.9--LB    3,080



Mary Slough (from 1,210 ft upstream of mouth on Iamonia Lake to 2,420 ft)--rm 55.8--RB    1,210



unnamed slu to Queen City Lake--rm 51.4--RB    1,160



unnamed stream--rm 48.4--LB    1,450



unnamed trib of Porter Lake--rm 48.2--RB    1,850



unnamed trib of Florida R (mouth approx 100 ft upstream of mouth of Florida R at rm 43.2)--LB       2,690



unnamed trib of Florida R (mouth approx 12,400 ft upstream of mouth of Florida R at rm 43.2)--LB  1,200



unnamed trib of Florida R (mouth approx 16,400 ft upstream of mouth of Florida R at rm 43.2)--LB 5,540



unnamed trib of Florida R (mouth approx 16,600 ft upstream of mouth of Florida R at rm 43.2)--LB 860



unnamed trib of  loop of Florida R (mouth approx 2,400 ft from upstream end of loop at 3,500 ft upstream of mouth of Florida
R at rm 43.2)--LB



4,050



Everett Slough (from head on Larkin Slu 2,800 ft upstream of mouth of Larkin Slu on Florida R to 6,910 ft downstream)--LB 6,910



Grayson Slough (from mouth on Swift Slough to 2,300 ft upstream)--LB 2,300



R Styx (from approx 20,200 ft upstream of mouth at rm 35.3 to 22,500 ft upstream)--LB 2,300



unnamed trib of Dead R (mouth approx 3,600 ft upstream of mouth of Dead R on R Styx)--LB 860



unnamed stream--rm 30.65--RB 790



Shepard Slough (from approx 18,100 ft upstream of mouth on Kennedy Creek to approx 21,520 ft upstream)--LB 3,420



2 unnamed tribs of White R (mouths 200 and 1,300 ft upsteam of mouth of White R at Chip49,900)--LBC7 2,070



unnamed stream--Chip33,000--RBC7 1,380



11,000 Subtotal 95,960



12,000 unnamed trib of Blue Spring run--RB6       290



trib of unnamed stream at rm 88.5 -- LB       310



Kelley Branch (from mouth at rm 81.4 to 350 ft upstream)--LB       350



unnamed stream--rm 69.6--RB    1,840



Outside Lake (from approx 17,700 ft upstream of mouth to north end) inc 5 tribs and Landy Lake)--rm 63.9--LB 29,880



unnamed trib of McDougal Lake--rm 55.8--RB    1,340



Honey Pond and slu connecting to Iamonia Lake--rm 55.8--RB    3,890



unnamed stream--rm 55.0--RB    6,800



unnamed stream--rm 54.2--LB    2,350



2 unnamed tribs of cutoff at rm 50.7--RB    4,060



Finns Slough--LB    7,540



Florida R (from approx 26,000 ft upstream of mouth at rm 43.2 to 39,800 ft upstream) inc Bill’s Arm and 2 tribs--LB     25,060



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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12,000 Everett Slough (from mouth on Swift Slough to 4,430 ft upstream)--LB 4,430



unnamed stream--rm 39.9--LB 1,070



unnamed stream--rm 27.2--RB 1,450



Shepard Slough (from approx 21,520 ft upstream of mouth on Kennedy Creek to 25,050 ft upstream) inc 1 trib--LB 7,410



unnamed stream inc 1 trib--rm 22.8--RB 3,830



unnamed stream--Chip48,200--LBC7 1,100



unnamed stream--Chip46,400--LBC7 2,620



unnamed stream inc alternate mouth at Chip34,600--Chip35,200--RBC7 3,770



unnamed trib of unnamed trib of Douglas Slough (mouth 800 ft upstream of mouth of unnamed trib with mouth 1,400 ft
upstream of mouth of Douglas Slough at Chip8,200)--LBC 890



12,000 Subtotal 110,280



13,000 unnamed trib of Dead R (located approx 4,700 ft from mouth of Dead R at rm 71.4)--LB        4,890



Woods Slu (from conf with Bee Tree Slu to approx 4,790 ft upstream)--RB    4,790



unnamed stream--rm 60.9--RB    1,490



Mary Slough (first 1,210 ft from rm 58.7 going towards Iamonia Lake)--RB    1,210



unnamed trib of Rudy Slough--RB    1,170



unnamed stream--rm 53.3--RB    3,680



Dog Slough (from approx 890 ft upstream of mouth on Florida R to south end of Greenback Lake)--LB        7,760



unnamed stream--rm 49.9--LB       1,000



unnamed stream--rm 47.3--LB    1,850



R Styx (from approx 22,500 ft upstream of mouth at rm 35.3 to 25,900 ft upstream)--LB 3,400



unnamed trib of R Styx (from 3,480 ft downstream of head located 9,300 ft upstream of mouth of R Styx to conf with Shepard
Slough 700 ft downstream)--LB 700



unnamed stream--rm 35.1--LB 2,490



unnamed stream--rm 30.7--LB 2,010



unnamed stream--rm 27.7--LB 700



Shepard Slough (from approx 25,050 ft upstream of mouth on Kennedy Creek to conf with 2 tribs of R Styx 27,830 ft
upstream) inc 2 tribs--LB 9,270



unnamed stream--rm 22.15--RB 500



unnamed stream--Chip75,800--RBC 380



unnamed stream--Chip30,400--RBC 1,240



unnamed stream--Chip32,900--LBC 1,100



unnamed stream--Chip5,800--RBC 770



unnamed stream--Chip5,000--RBC 1,600



13,000 Subtotal 52,000



Flow at
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Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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14,000 Johnson Creek (from 2,530 ft upstream of mouth at rm 93.9 to 3,240 ft)--RB       710



unnamed stream--rm 62.0--LB       510



unnamed tribs of McDougal Lake and Iamonia Lake--RB    6,560



Muscogee Lake--LB       590



Miller Lake--LB       660



unnamed stream--rm 56.2--LB       440



unnamed trib of Honey Pond--RB    2,020



unnamed stream--rm 55.6--LB    1,150



unnamed stream--rm 55.4--RB       640



unnamed stream--rm 53.4--RB    1,970



Queen City Lake and smaller pond--LB       440



unnamed stream-rm 47.1--LB    1,240



Florida R (from approx 39,800 ft upstream of mouth at rm 43.2 to Equaloxic Creek) inc part of Larkin Slu (from approx 6,200
ft upstream of downstream mouth on Florida R to reconnection with Florida R), Gregory Mill Creek, and 4 tribs--rm 43.2--LB



   24,380



unnamed trib of Larkin Slu (mouth approx 1,700 ft upstream of mouth of Larkin Slu on Florida R)--LB 960



Grayson Slough (from 2,300 ft upstream of mouth on Swift Slough to approx 5,100 ft upstream) inc Greenback Lake and part
of Silver Lake--LB



2,800



unnamed stream connecting Grayson and Everett Sloughs--LB 3,300



Everett Slough (from 4,420 ft upstream of mouth on Swift Slough to 11,060 ft upstream)--LB 6,640



unnamed stream (from head 3,800 ft upstream of mouth of  R Styx to 2,270 ft downstream)--LB 2,270



2  unnamed tribs of R Styx (from 100 ft upstream of their  mouths at 5,600 and 7,000 ft upstream of mouth of R Styx to ends)-
-LB



1,200



unnamed stream (from head 9,300 ft upstream of mouth of R Styx to 3,480 ft downstream)--LB 3,480



unnamed stream inc 1 trib--rm 34.75--LB 4,100



unnamed stream connected by 2 mouths--rm 33.7 and rm 33.62--LB 3,110



unnamed stream--rm 32.15--LB 1,810



Kennedy Slough  (from mouth 1,400 ft upstream of mouth of Kennedy Creek to 470 ft upstream)--LB 470



unnamed stream--rm 25.4--RB 1,060



2 unnamed tribs of Virginia Cut (mouths 11,800 and 14,300 ft upstream of mouth of Virginia Cut at Chip37,300)--LBC7 11,480



unnamed stream--Chip34,400--RBC 720



unnamed stream--Chip6,700--RBC 890



unnamed trib of Spider Cut (mouth approx 800 ft downstream of mouth of Spider Cut at Chip2,400)--RBC 1,570



14,000 Subtotal 87,170
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in ft
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15,000 unnamed stream (from mouth at rm103.6 to 890 ft upstream) --LB       890



unnamed stream--rm 98.9--LB6       470



unnamed stream--rm 90.3--LB       250



Old R (from north end of Baker Branch to rm 72.9)--RB    8,520



James Slough and Dirt Bridge Slu--RB  15,110



unnamed stream--rm 62.8--RB    4,860



Dog Slough (from rm 50.15 to south end of split channel) --LB    8,450



unnamed stream--rm 49.2--RB    2,190



Greenback Lake on Dog Slough--LB    2,790



unnamed trib of Hog Slough (mouth approx 900 ft upstream of mouth of Hog Slough on Swift Slough)--LB 1,400



unnamed trib of Moccasin Slough (mouth approx 1,400 ft upstream of mouth of Moccasin Slough on R Styx)--LB 910



Dead R (from approx 3,400 ft upstream of mouth on R Styx to end on Swift Slough)--LB 5,910



unnamed stream (from head 3,800 ft upstream of mouth of R Styx to 2,270 ft downstream)--LB 2,270



unnamed trib of R Styx (mouth 4,200 ft upstream of mouth of R Styx)--LB 410



unnamed stream (from head 9,300 ft upstream of mouth of R Styx to 3,480 ft downstream)--LB 3,480



unnamed trib of R Styx (mouth 23,400 ft upstream of mouth of R Styx)--LB 70



unnamed stream--rm 39.3--RB 1,430



unnamed stream--rm 31.2--RB 1,920



unnamed stream--rm 26.4--RB 1,210



15,000 Subtotal 62,540



16,000 unnamed stream--rm 64.9--LB    1,210



unnamed stream--rm 59.9--LB       880



unnamed stream--rm 59.5--RB    1,520



unnamed stream--rm 57.5--RB    4,690



unnamed stream--rm 53.6--LB       910



unnamed stream--rm 52.8--LB    1,420



unnamed stream--rm 51.2--RB       770



unnamed stream--rm 47.31--RB    1,210



2 unnamed tribs of Outside Lake (at approx 14,200 and 17,300 ft upstream of mouth at rm 43.2)--LB      3,380



unnamed stream--rm 41.9--RB    2,830



unnamed trib of Florida R (mouth approx 22,100 ft upstream of mouth of Florida R at rm 43.2)--LB 6,630



unnamed trib of Larking Slu (mouth 400 ft upstream of mouth of Larkin Slu on Florida R)--LB 600



Everett Slough (from approx 10,840 ft upstream of mouth on Swift Slough to 13,980 ft)--LB 3,140



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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16,000 Grayson Slough (from approx 5,100 ft upstream of mouth on Swift Creek to 9,110 ft upstream)--LB 4,010



unnamed stream connecting Grayson Slough to Everett Slough--LB 5,990



unnamed trib of R Styx (mouth approx 4,600 ft upstream of mouth of R Styx at rm 35.3)--LB 740



unnamed trib of Dead R (mouth approx 3,500 ft upstream of mouth of Dead R on R Styx)--LB 350



unnamed stream--rm 41.1--RB 1,020



unnamed stream--rm 41.08--RB 1,670



unnamed stream--rm 31.8--RB 1,400



unnamed stream--rm 22.3--RB 1,550



unnamed stream--Chip67,200--LBC 1,350



unnamed trib of White R (mouth 8,000 ft upstream of mouth of White R at Chip49,900)--LBC 1,060



16,000 Subtotal 48,330



17,000 Kelley Branch (from approx 350 ft upstream of mouth at rm 81.4 to 1,020 ft)--LB       670



unnamed stream--rm 73.2--LB       870



Gin House Lake--rm 71.0--RBL    1,190



unnamed streams at rm 66.3 and rm 66.25--RB    2,900



unnamed stream--rm 62.6--RB    3,720



unnamed slu to Muscogee Lake  (from approx 1,940 ft upstream of mouth at rm 60.2 to Acorn Lake)--LB    1,940



unnamed stream--rm 31.1--LB 1,190



unnamed stream--Chip72,000--LBC 1,060



unnamed stream--Chip68,600--LBC 770



unnamed stream--Chip27,700--RBC 850



17,000 Subtotal 15,160



18,000 unnamed stream (from 890 ft upstream of mouth at rm 103.6 to 1,770 ft)--LB       880



Johnson Creek (from 3,240 ft upstream of mouth at rm 93.9 to floodplain boundary), secondary channel starting 3,200 ft
upstream of mouth, inc 1 trib--RB



15,310



2 tribs of Bayou (from their mouths on Bayou to 1,410 and 1,150 ft upstream)--rm 79.1--RB     2560



3 unnamed tribs of Middle Slu--RB    8,750



unnamed stream--rm 54.3--LB    1,270



unnamed stream--rm52.7--LB    3,120



unnamed stream--rm 52.1--RB    2,310



Acorn Lake (connected to Florida R approx 23,000 ft upstream of mouth)--LB       830



Alligator Creek (mouth approx 4,800 ft upstream of mouth of Everett Slough on Swift Creek)--LB 10,490



R Styx (from approx 25,900 ft upstream of mouth at rm 35.3 to 32,900 ft upstream)--LB 7,000



unnamed stream--rm 41.4--RB 900



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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1 Flows at which streams are connected were determined from lagged Chattahoocheee flows at the time of field observations.



2 The accuracy of these estimates is greatest for the intensive study sites (Flat Creek, Johnson Creek, Iamonia Lake system, River Styx system) because
those areas were visited many times under a variety of hydrologic conditions. Estimates on most other streams were based on one-time field observations,
and those estimates should be used as an approximate guide.



3 Most of the streams and lakes listed for 4,000 ft3/s  have deep connections to the main river channel and have not been isolated at any time from 1922
to 1995.



4 Order of streams and lakes is from most upstream location to most downstream in river floodplain. Location within river reach is indicated by colors:
beige, upper river; light green, middle river; dark green, lower river. Additional description of location is given for features not named on USGS 7.5 minute
quadrangle maps and named features when  necessary.



5 Actual stream lengths may be longer than shown. In most cases, they are derived from lengths that appear on USGS quadrangle maps or infrared
aerial photography, whichever is longer.



6 These streams on the Apalachicola River were not measured to determine the depth of the connection. An estimate of connection depth was made
based on the size of the stream, stream velocity, connecting streams, characteristics of drainage basin on aerial photos and maps, and other relevant field
observations.



7 These streams on the lower Chipola were observed to be connected to the main channel when flow at Chattahoochee was approximately 14,500 ft3/s,
but were not measured to determine the depth of that connection. In each case, an estimate of connection depth was made based on field observations of
stream size and velocity and characteristics of connecting streams and drainage basin on aerial photos and maps. In some cases the entry includes a combina-
tion of measured and unmeasured streams.



18,000 unnamed stream--rm 34.1--RB 3,170



unnamed stream at Double Points--rm 31.4--LB 1,250



unnamed stream--rm 28.25--LB 640



unnamed stream--rm 27.3--RB 1,240



unnamed stream--Chip4,800--RBC 570



18,000 Subtotal 60,290



19,000 unnamed stream--rm 75.2--LB    1,390



Acorn Lake (connected to Muscogee Lake)--LB       320



unnamed stream--rm 52.6--LB       750



Dog Slough (from north end of Greenback Lake to south end of split channel)--LB    6,370



unnamed stream--rm 44.7--LB    9,100



Elsie Lake, unnamed lake, and connected tribs of Florida R--LB 19,390



Everett Slough (from 6,910 ft downstream of head on Larkin Slu to 10,360 ft downstream)--LB 3,450



unnamed trib of R Styx (mouth 25,700 ft upstream of mouth of R Styx at rm 35.3)--LB 310



unnamed trib of Moccasin Slough (mouth 3,100 ft upstream of mouth of Moccasin Slough on R Styx)--LB 220



19,000 Subtotal 41,300



TOTAL 318 entries (a single entry represents a single stream, one of a number of partial reaches of a long stream,
 or multiple streams and lakes)



230 miles
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Appendix III.-- Average flows preceding and during 16 navigation windows in the Apalachicola River, 1990-95
[Data shown in green for the period October 23-November 24, 1990, is used as an example in the text and table 10. Dates and flows for all
periods were determined from daily mean flows at the Chattahoochee gage. ft3/s, cubic feet per second; na; not applicable because transition
period was too short to be reflected in daily mean flows; nd, not determined]



1 Total period is pre-window, transition, and window periods combined.
2 Average flows for all periods were determined by multiplying the average flow for each period by the number of days in the period, adding



the products together for all periods, and dividing the sum by the total number of days for all periods.



Pre-window
(water storage period)



Transition
(period of increasing flow)



Corresponding window
(water release period) Average



flow
for total
period1,
in ft3/sDates Number



of days
Average



flow,
in ft3/s



Dates Number
of days



Average
flow,



in ft3/s
Dates Number



of days
Average



flow,
in ft3/s



Sept 25-Oct 13, 1990 19 6,930 Oct 14, 1990 1 9,450 Oct 15-20, 1990  6 12,300  8,270



Oct 23-Nov 10, 1990  19 5,900 Nov 11, 1990 1 8,110 Nov 12-24, 1990  13 12,900  8,720



Nov 26-Dec 11, 1990  15 6,690 Dec 12, 1990 1 10,200 Dec 13-24, 1990  12 13,400  9,680



Dec 27, 1990-Jan 8, 1991  13 7,370 Jan 9-10, 1991 2  10,800 Jan 11-22, 1991  12 16,300 11,600



Oct 28-Nov 18, 1991  22 7,620 na 0 0 Nov 19-29, 1991 11 13,500  9,570



May 10-24, 1992  15 9,520 May 25, 1992 1 12,600 May 26-June 6, 1992  12 13,500  11,300



June 15-July 1, 1993 17 9,440 July 2-3, 1993 2 11,600 July 4-14, 1993  11 15,400 11,800



July 16-Aug 6, 1993  22 9,490 Aug 7, 1993 2 11,500 Aug 8-21, 1993  14 14,000  11,300



Aug 26-Sep 6, 1993  12 6,560 Sep 7, 1993 2  7,450 Sep 8-22, 1993  15 12,200  9,630



Sep 25-Oct 10, 1993  16 6,670 Oct 11-12, 1993 2 10,900 Oct 13-24, 1993  12 12,100  9,110



Nov 17-26, 1993  10 9,040 Nov 27, 1993 1 11,700 Nov 28-Dec 9, 1993  12 14,900 12,200



May 23-31, 1994  9 9,970 na 0 0 June 1-12, 1994  12 17,500  14,300



May 24-29, 1995  6 9,970 na 0 0 May 30-June 15, 1995  17 19,200  16,800



June 20-July 4, 1995  15 8,590 July 5, 1995 1 13,600 July 6-17, 1995  12 15,600  11,800



July 20-Aug 5, 1995  17 8,620 Aug 6, 1995 1  9,950 Aug 7-22, 1995  16 14,400  11,400



Aug 25-Sep 8, 1995  15 7,790 Sep 9, 1995 1  10,100 Sep 10-20, 1995  11 14,100  10,400



AVERAGES FOR ALL PERIODS2



15 8,000 1 nd 12 14,600  11,000
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Humans have long been fasci-
nated by the dynamism of
free-flowing waters. Yet we



have expended great effort to tame
rivers for transportation, water sup-
ply, flood control, agriculture, and
power generation. It is now recog-
nized that harnessing of streams and
rivers comes at great cost: Many
rivers no longer support socially val-
ued native species or sustain healthy
ecosystems that provide important
goods and services (Naiman et al.
1995, NRC 1992).



The extensive ecological degrada-
tion and loss of biological diversity
resulting from river exploitation is
eliciting widespread concern for con-
servation and restoration of healthy
river ecosystems among scientists and
the lay public alike (Allan and Flecker
1993, Hughes and Noss 1992, Karr
et al. 1985, TNC 1996, Williams et
al. 1996). Extirpation of species, clo-
sures of fisheries, groundwater deple-
tion, declines in water quality and
availability, and more frequent and
intense flooding are increasingly rec-
ognized as consequences of current
river management and development
policies (Abramovitz 1996, Collier
et al. 1996, Naiman et al. 1995). The
broad social support in the United
States for the Endangered Species
Act, the recognition of the intrinsic
value of noncommercial native spe-
cies, and the proliferation of water-
shed councils and riverwatch teams
are evidence of society’s interest in
maintaining the ecological integrity
and self-sustaining productivity of
free-flowing river systems.



Society’s ability to maintain and
restore the integrity of river ecosys-
tems requires that conservation and
management actions be firmly
grounded in scientific understand-



ing. However, current management
approaches often fail to recognize
the fundamental scientific principle
that the integrity of flowing water
systems depends largely on their natu-
ral dynamic character; as a result,
these methods frequently prevent suc-
cessful river conservation or restora-
tion. Streamflow quantity and tim-
ing are critical components of water
supply, water quality, and the eco-
logical integrity of river systems. In-
deed, streamflow, which is strongly
correlated with many critical physi-
cochemical characteristics of rivers,
such as water temperature, channel
geomorphology, and habitat diver-
sity, can be considered a “master
variable” that limits the distribution
and abundance of riverine species
(Power et al. 1995, Resh et al. 1988)
and regulates the ecological integrity
of flowing water systems (Figure 1).
Until recently, however, the impor-
tance of natural streamflow variabil-
ity in maintaining healthy aquatic
ecosystems has been virtually ignored
in a management context.



Historically, the “protection” of
river ecosystems has been limited in
scope, emphasizing water quality and
only one aspect of water quantity:
minimum flow. Water resources
management has also suffered from
the often incongruent perspectives
and fragmented responsibility of
agencies (for example, the US Army
Corps of Engineers and Bureau of
Reclamation are responsible for wa-
ter supply and flood control, the US
Environmental Protection Agency
and state environmental agencies for
water quality, and the US Fish &
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Wildlife Service for water-dependent
species of sporting, commercial, or
conservation value), making it diffi-
cult, if not impossible, to manage the
entire river ecosystem (Karr 1991).
However, environmental dynamism
is now recognized as central to sus-
taining and conserving native spe-
cies diversity and ecological integ-
rity in rivers and other ecosystems
(Holling and Meffe 1996, Hughes
1994, Pickett et al. 1992, Stanford et
al. 1996), and coordinated actions
are therefore necessary to protect
and restore a river’s natural flow
variability.



In this article, we synthesize exist-
ing scientific knowledge to argue that
the natural flow regime plays a critical
role in sustaining native biodiversity
and ecosystem integrity in rivers.
Decades of observation of the effects
of human alteration of natural flow
regimes have resulted in a well-
grounded scientific perspective on
why altering hydrologic variability
in rivers is ecologically harmful (e.g.,
Arthington et al. 1991, Castleberry
et al. 1996, Hill et al. 1991, Johnson
et al. 1976, Richter et al. 1997, Sparks
1995, Stanford et al. 1996, Toth 1995,
Tyus 1990). Current pressing demands
on water use and the continuing alter-
ation of watersheds require scientists
to help develop management proto-
cols that can accommodate economic
uses while protecting ecosystem func-
tions. For humans to continue to rely
on river ecosystems for sustainable
food production, power production,
waste assimilation, and flood con-
trol, a new, holistic, ecological per-



spective on water management is
needed to guide society’s interac-
tions with rivers.



The natural flow regime
The natural flow of a river varies on
time scales of hours, days, seasons,
years, and longer. Many years of
observation from a streamflow gauge
are generally needed to describe the
characteristic pattern of a river’s flow
quantity, timing, and variability—
that is, its natural flow regime. Com-
ponents of a natural flow regime can
be characterized using various time
series (e.g., Fourier and wavelet) and
probability analyses of, for example,
extremely high or low flows, or of
the entire range of flows expressed
as average daily discharge (Dunne
and Leopold 1978). In watersheds
lacking long-term streamflow data,
analyses can be extended statisti-
cally from gauged streams in the
same geographic area. The frequency
of large-magnitude floods can be es-
timated by paleohydrologic studies
of debris left by floods and by studies
of historical damage to living trees
(Hupp and Osterkamp 1985, Knox
1972). These historical techniques can
be used to extend existing hydrologic
records or to provide estimates of
flood flows for ungauged sites.



River flow regimes show regional
patterns that are determined largely
by river size and by geographic varia-
tion in climate, geology, topogra-
phy, and vegetative cover. For ex-
ample, some streams in regions with
little seasonality in precipitation ex-



hibit relatively stable hydrographs
due to high groundwater inputs (Fig-
ure 2a), whereas other streams can
fluctuate greatly at virtually any time
of year (Figure 2b). In regions with
seasonal precipitation, some streams
are dominated by snowmelt, result-
ing in pronounced, predictable run-
off patterns (Figure 2c), and others
lack snow accumulation and exhibit
more variable runoff patterns during
the rainy season, with peaks occur-
ring after each substantial storm
event (Figure 2d).



Five critical components of the
flow regime regulate ecological pro-
cesses in river ecosystems: the mag-
nitude, frequency, duration, timing,
and rate of change of hydrologic
conditions (Poff and Ward 1989,
Richter et al. 1996, Walker et al.
1995). These components can be used
to characterize the entire range of
flows and specific hydrologic phe-
nomena, such as floods or low flows,
that are critical to the integrity of
river ecosystems. Furthermore, by
defining flow regimes in these terms,
the ecological consequences of par-
ticular human activities that modify
one or more components of the flow
regime can be considered explicitly.



• The magnitude of discharge1 at any
given time interval is simply the
amount of water moving past a fixed
location per unit time. Magnitude
can refer either to absolute or to
relative discharge (e.g., the amount
of water that inundates a floodplain).
Maximum and minimum magnitudes
of flow vary with climate and water-
shed size both within and among
river systems.
• The frequency of occurrence refers
to how often a flow above a given
magnitude recurs over some speci-
fied time interval. Frequency of oc-
currence is inversely related to flow
magnitude. For example, a 100-year
flood is equaled or exceeded on aver-
age once every 100 years (i.e., a
chance of 0.01 of occurring in any
given year). The average (median)



Figure 1. Flow regime
is of central importance
in sustaining the eco-
logical integrity of flow-
ing water systems. The
five components of the
flow regime—magni-
tude, frequency, dura-
tion, timing, and rate
of change—influence
integrity both directly
and indirectly, through
their effects on other
primary regulators of
integrity. Modification
of flow thus has cas-
cading effects on the
ecological integrity of
rivers. After Karr 1991.



1Discharge (also known as streamflow, flow,
or flow rate) is always expressed in dimen-
sions of volume per time. However, a great
variety of units are used to describe flow,
depending on custom and purpose of charac-
terization: Flows can be expressed in near-
instantaneous terms (e.g., ft3/s and m3/s) or
over long time intervals (e.g., acre-ft/yr).
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flow is determined from a data series
of discharges defined over a specific
time interval, and it has a frequency
of occurrence of 0.5 (a 50% prob-
ability).
•The duration is the period of time
associated with a specific flow condi-
tion. Duration can be defined relative
to a particular flow event (e.g., a flood-
plain may be inundated for a specific
number of days by a ten-year flood),
or it can be a defined as a composite
expressed over a specified time period
(e.g., the number of days in a year
when flow exceeds some value).
•The timing, or predictability, of
flows of defined magnitude refers to
the regularity with which they occur.
This regularity can be defined for-
mally or informally and with refer-
ence to different time scales (Poff
1996). For example, annual peak flows
may occur with low seasonal predict-
ability (Figure 2b) or with high sea-
sonal predictability (Figure 2c).
•The rate of change, or flashiness,
refers to how quickly flow changes
from one magnitude to another. At
the extremes, “flashy” streams have
rapid rates of change (Figure 2b),
whereas “stable” streams have slow
rates of change (Figure 2a).



Hydrologic processes and the flow
regime. All river flow derives ulti-
mately from precipitation, but in any
given time and place a river’s flow is
derived from some combination of
surface water, soil water, and ground-
water. Climate, geology, topogra-
phy, soils, and vegetation help to
determine both the supply of water
and the pathways by which precipi-
tation reaches the channel. The wa-
ter movement pathways depicted in
Figure 3a illustrate why rivers in
different settings have different flow
regimes and why flow is variable in
virtually all rivers. Collectively, over-
land and shallow subsurface flow
pathways create hydrograph peaks,
which are the river’s response to
storm events. By contrast, deeper
groundwater pathways are respon-
sible for baseflow, the form of deliv-
ery during periods of little rainfall.



Variability in intensity, timing,
and duration of precipitation (as rain
or as snow) and in the effects of
terrain, soil texture, and plant evapo-
transpiration on the hydrologic cycle
combine to create local and regional



flow patterns. For example, high
flows due to rainstorms may occur
over periods of hours (for permeable
soils) or even minutes (for imperme-
able soils), whereas snow will melt
over a period of days or weeks, which
slowly builds the peak snowmelt
flood. As one proceeds downstream
within a watershed, river flow reflects
the sum of flow generation and rout-
ing processes operating in multiple
small tributary watersheds. The travel
time of flow down the river system,
combined with nonsynchronous tribu-
tary inputs and larger downstream
channel and floodplain storage ca-
pacities, act to attenuate and to
dampen flow peaks. Consequently,
annual hydrographs in large streams
typically show peaks created by wide-
spread storms or snowmelt events
and broad seasonal influences that
affect many tributaries together
(Dunne and Leopold 1978).



The natural flow regime organizes
and defines river ecosystems. In riv-
ers, the physical structure of the en-
vironment and, thus, of the habitat,
is defined largely by physical pro-
cesses, especially the movement of
water and sediment within the chan-
nel and between the channel and flood-
plain. To understand the biodiversity,
production, and sustainability of
river ecosystems, it is necessary to
appreciate the central organizing role
played by a dynamically varying
physical environment.



The physical habitat of a river
includes sediment size and heteroge-
neity, channel and floodplain mor-
phology, and other geomorphic fea-
tures. These features form as the
available sediment, woody debris,
and other transportable materials are
moved and deposited by flow. Thus,
habitat conditions associated with
channels and floodplains vary among



Figure 2. Flow histories based on long-term, daily mean discharge records. These
histories show within- and among-year variation for (a) Augusta Creek, MI, (b)
Satilla River, GA, (c) upper Colorado River, CO, and (d) South Fork of the
McKenzie River, OR. Each water year begins on October 1 and ends on September
30. Adapted from Poff and Ward 1990.
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rivers in accordance with both flow
characteristics and the type and the
availability of transportable materials.



Within a river, different habitat
features are created and maintained
by a wide range of flows. For ex-
ample, many channel and floodplain
features, such as river bars and riffle–
pool sequences, are formed and main-
tained by dominant, or bankfull, dis-
charges. These discharges are flows
that can move significant quantities
of bed or bank sediment and that
occur frequently enough (e.g., every
several years) to continually modify
the channel (Wolman and Miller



1960). In many streams and rivers
with a small range of flood flows,
bankfull flow can build and main-
tain the active floodplain through
stream migration (Leopold et al.
1964). However, the concept of a
dominant discharge may not be ap-
plicable in all flow regimes (Wolman
and Gerson 1978). Furthermore, in
some flow regimes, the flows that
build the channel may differ from
those that build the floodplain. For
example, in rivers with a wide range
of flood flows, floodplains may ex-
hibit major bar deposits, such as
berms of boulders along the channel,



or other features that are left by
infrequent high-magnitude floods
(e.g., Miller 1990).



Over periods of years to decades,
a single river can consistently pro-
vide ephemeral, seasonal, and per-
sistent types of habitat that range
from free-flowing, to standing, to no
water. This predictable diversity of
in-channel and floodplain habitat
types has promoted the evolution of
species that exploit the habitat mo-
saic created and maintained by hy-
drologic variability. For many river-
ine species, completion of the life
cycle requires an array of different
habitat types, whose availability over
time is regulated by the flow regime
(e.g., Greenberg et al. 1996, Reeves
et al. 1996, Sparks 1995). Indeed,
adaptation to this environmental dy-
namism allows aquatic and flood-
plain species to persist in the face of
seemingly harsh conditions, such as
floods and droughts, that regularly
destroy and re-create habitat elements.



From an evolutionary perspective,
the pattern of spatial and temporal
habitat dynamics influences the rela-
tive success of a species in a particu-
lar environmental setting. This habi-
tat template (Southwood 1977),
which is dictated largely by flow
regime, creates both subtle and pro-
found differences in the natural his-
tories of species in different segments
of their ranges. It also influences
species distribution and abundance,
as well as ecosystem function (Poff
and Allan 1995, Schlosser 1990,
Sparks 1992, Stanford et al. 1996).
Human alteration of flow regime
changes the established pattern of
natural hydrologic variation and dis-
turbance, thereby altering habitat
dynamics and creating new condi-
tions to which the native biota may
be poorly adapted.



Human alteration of
flow regimes
Human modification of natural hy-
drologic processes disrupts the dy-
namic equilibrium between the move-
ment of water and the movement of
sediment that exists in free-flowing
rivers (Dunne and Leopold 1978).
This disruption alters both gross-
and fine-scale geomorphic features
that constitute habitat for aquatic
and riparian species (Table 1). After



Figure 3. Stream valley cross-sections at various locations in a watershed illustrate basic
principles about natural pathways of water moving downhill and human influences on
hydrology. Runoff, which occurs when precipitation exceeds losses due to evaporation
and plant transpiration, can be divided into four components (a): overland flow (1) occurs
when precipitation exceeds the infiltration capacity of the soil; shallow subsurface
stormflow (2) represents water that infiltrates the soil but is routed relatively quickly to
the stream channel; saturated overland flow (3) occurs where the water table is close to
the surface, such as adjacent to the stream channel, upstream of first-order tributaries,
and in soils saturated by prior precipitation; and groundwater flow (4) represents
relatively deep and slow pathways of water movement and provides water to the stream
channel even during periods of little or no precipitation. Collectively, overland and
shallow subsurface flow pathways create the peaks in the hydrograph that are a river’s
response to storm events, whereas deeper groundwater pathways are responsible for
baseflow. Urbanized (b) and agricultural (c) land uses increase surface flow by increasing
the extent of impermeable surfaces, reducing vegetation cover, and installing drainage
systems. Relative to the unaltered state, channels often are scoured to greater depth by
unnaturally high flood crests and water tables are lowered, causing baseflow to drop.
Side-channels, wetlands, and episodically flooded lowlands comprise the diverse flood-
plain habitats of unmodified river ecosystems (d). Levees or flood walls (e) constructed
along the banks retain flood waters in the main channel and lead to a loss of floodplain
habitat diversity and function. Dams impede the downstream movement of water and can
greatly modify a river’s flow regime, depending on whether they are operated for storage
(e) or as “run-of-river,” such as for navigation (f).
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such a disruption, it may take centu-
ries for a new dynamic equilibrium
to be attained by channel and flood-
plain adjustments to the new flow
regime (Petts 1985); in some cases, a
new equilibrium is never attained,
and the channel remains in a state of
continuous recovery from the most
recent flood event (Wolman and
Gerson 1978). These channel and
floodplain adjustments are some-
times overlooked because they can
be confounded with long-term re-
sponses of the channel to changing
climates (e.g., Knox 1972). Recogni-
tion of human-caused physical
changes and associated biological
consequences may require many
years, and physical restoration of
the river ecosystem may call for dra-
matic action (see box on the Grand
Canyon flood, page 774).



Dams, which are the most obvi-
ous direct modifiers of river flow,
capture both low and high flows for
flood control, electrical power gen-
eration, irrigation and municipal
water needs, maintenance of recre-
ational reservoir levels, and naviga-



tion. More than 85% of the inland
waterways within the continental
United States are now artificially
controlled (NRC 1992), including
nearly 1 million km of rivers that are
affected by dams (Echeverria et al.
1989). Dams capture all but the fin-
est sediments moving down a river,
with many severe downstream con-
sequences. For example, sediment-
depleted water released from dams
can erode finer sediments from the
receiving channel. The coarsening of
the streambed can, in turn, reduce
habitat availability for the many
aquatic species living in or using
interstitial spaces. In addition, chan-
nels may erode, or downcut, trigger-
ing rejuvenation of tributaries, which
themselves begin eroding and mi-
grating headward (Chien 1985, Petts
1984). Fine sediments that are con-
tributed by tributaries downstream
of a dam may be deposited between
the coarse particles of the streambed
(e.g., Sear 1995). In the absence of
high flushing flows, species with life
stages that are sensitive to sedimen-
tation, such as the eggs and larvae of



many invertebrates and fish, can suf-
fer high mortality rates.



For many rivers, it is land-use
activities, including timber harvest,
livestock grazing, agriculture, and
urbanization, rather than dams, that
are the primary causes of altered
flow regimes. For example, logging
and the associated building of roads
have contributed greatly to degrada-
tion of salmon streams in the Pacific
Northwest, mainly through effects
on runoff and sediment delivery
(NRC 1996). Converting forest or
prairie lands to agricultural lands
generally decreases soil infiltration
and results in increased overland
flow, channel incision, floodplain iso-
lation, and headward erosion of
stream channels (Prestegaard 1988).
Many agricultural areas were drained
by the construction of ditches or tile-
and-drain systems, with the result
that many channels have become en-
trenched (Brookes 1988).



These land-use practices, com-
bined with extensive draining of
wetlands or overgrazing, reduce re-
tention of water in watersheds and,



Table 1. Physical responses to altered flow regimes.



Source(s) of alteration Hydrologic change(s) Geomorphic response(s) Reference(s)



Dam Capture sediment moving Downstream channel erosion and Chien 1985, Petts 1984, 1985,
downstream tributary headcutting Williams and Wolman 1984



Bed armoring (coarsening) Chien 1985



Dam, diversion Reduce magnitude and frequency Deposition of fines in gravel Sear 1995, Stevens et al. 1995
of high flows



Channel stabilization and Johnson 1994, Williams and
narrowing Wolman 1984



Reduced formation of point bars, Chien 1985, Copp 1989,
secondary channels, oxbows, Fenner et al. 1985
and changes in channel planform



Urbanization, tiling, drainage Increase magnitude and frequency Bank erosion and channel widening Hammer 1972
of high flows



Downward incision and floodplain Prestegaard 1988
disconnection



Reduced infiltration into soil Reduced baseflows Leopold 1968



Levees and channelization Reduce overbank flows Channel restriction causing Daniels 1960, Prestegaard
downcutting et al. 1994



Floodplain deposition and Sparks 1992
erosion prevented



Reduced channel migration and Shankman and Drake 1990
formation of secondary channels



Groundwater pumping Lowered water table levels Streambank erosion and channel Kondolf and Curry 1986
downcutting after loss of vegetation
stability
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instead, route it quickly downstream,
increasing the size and frequency of
floods and reducing baseflow levels
during dry periods (Figure 3b; Leo-
pold 1968). Over time, these prac-
tices degrade in-channel habitat for
aquatic species. They may also iso-
late the floodplain from overbank
flows, thereby degrading habitat for
riparian species. Similarly, urban-
ization and suburbanization associ-
ated with human population expan-
sion across the landscape create
impermeable surfaces that direct
water away from subsurface path-
ways to overland flow (and often
into storm drains). Consequently,
floods increase in frequency and in-
tensity (Beven 1986), banks erode,
and channels widen (Hammer 1972),



and baseflow declines during dry pe-
riods (Figure 3c).



Whereas dams and diversions af-
fect rivers of virtually all sizes, and
land-use impacts are particularly evi-
dent in headwaters, lowland rivers
are greatly influenced by efforts to
sever channel–floodplain linkages.
Flood control projects have short-
ened, narrowed, straightened, and
leveed many river systems and cut
the main channels off from their flood-
plains (NRC 1992). For example,
channelization of the Kissimmee River
above Lake Okeechobee, Florida, by
the US Army Corps of Engineers
transformed a historical 166 km
meandering river with a 1.5 to 3 km
wide floodplain into a 90 km long
canal flowing through a series of five



impoundments, resulting in great loss
of river channel habitat and adjacent
floodplain wetlands (Toth 1995).
Because levees are designed to pre-
vent increases in the width of flow,
rivers respond by cutting deeper
channels, reaching higher velocities,
or both.



Channelization and wetland
drainage can actually increase the
magnitude of extreme floods, be-
cause reduction in upstream storage
capacity results in accelerated water
delivery downstream. Much of the
damage caused by the extensive
flooding along the Mississippi River
in 1993 resulted from levee failure as
the river reestablished historic con-
nections to the floodplain. Thus, al-
though elaborate storage dam and
levee systems can “reclaim” the
floodplain for agriculture and hu-
man settlement in most years, the
occasional but inevitable large floods
will impose increasingly high disas-
ter costs to society (Faber 1996). The
severing of floodplains from rivers
also stops the processes of sediment
erosion and deposition that regulate
the topographic diversity of flood-
plains. This diversity is essential for
maintaining species diversity on
floodplains, where relatively small
differences in land elevation result in
large differences in annual inunda-
tion and soil moisture regimes, which
regulate plant distribution and abun-
dance (Sparks 1992).



Ecological functions of the
natural flow regime
Naturally variable flows create and
maintain the dynamics of in-channel
and floodplain conditions and habi-
tats that are essential to aquatic and
riparian species, as shown schemati-
cally in Figure 4. For purposes of
illustration, we treat the components
of a flow regime individually, al-
though in reality they interact in
complex ways to regulate geomor-
phic and ecological processes. In de-
scribing the ecological functions as-
sociated with the components of a
flow regime, we pay particular at-
tention to high- and low-flow events,
because they often serve as ecologi-
cal “bottlenecks” that present criti-
cal stresses and opportunities for a
wide array of riverine species (Poff
and Ward 1989).



Since the Glen Canyon dam first began to store water in 1963, creating
Lake Powell, some 430 km (270 miles) of the Colorado River, including



Grand Canyon National Park, have been virtually bereft of seasonal floods.
Before 1963, melting snow in the upper basin produced an average peak
discharge exceeding 2400 m3/s; after the dam was constructed, releases
were generally maintained at less than 500 m3/s. The building of the dam
also trapped more than 95% of the sediment moving down the Colorado
River in Lake Powell (Collier et al. 1996).



This dramatic change in flow regime produced drastic alterations in the
dynamic nature of the historically sediment-laden Colorado River. The
annual cycle of scour and fill had maintained large sandbars along the river
banks, prevented encroachment of vegetation onto these bars, and limited
bouldery debris deposits from constricting the river at the mouths of
tributaries (Collier et al. 1997). When flows were reduced, the limited
amount of sand accumulated in the channel rather than in bars farther up
the river banks, and shallow low-velocity habitat in eddies used by juvenile
fishes declined. Flow regulation allowed for increased cover of wetland and
riparian vegetation, which expanded into sites that were regularly scoured
by floods in the constrained fluvial canyon of the Colorado River; however,
much of the woody vegetation that established after the dam’s construction
is composed of an exotic tree, salt cedar (Tamarix sp.; Stevens et al. 1995).
Restoration of flood flows clearly would help to steer the aquatic and
riparian ecosystem toward its former state and decrease the area of wetland
and riparian vegetation, but precisely how the system would respond to an
artificial flood could not be predicted.



In an example of adaptive management (i.e., a planned experiment to
guide further actions), a controlled, seven-day flood of 1274 m3/s was
released through the Glen Canyon dam in late March 1996. This flow,
roughly 35% of the pre-dam average for a spring flood (and far less than
some large historical floods), was the maximum flow that could pass
through the power plant turbines plus four steel drainpipes, and it cost
approximately $2 million in lost hydropower revenues (Collier et al. 1997).
The immediate result was significant beach building: Over 53% of the
beaches increased in size, and just 10% decreased in size. Full documenta-
tion of the effects will continue to be monitored by measuring channel
cross-sections and studying riparian vegetation and fish populations.



A controlled flood in the Grand Canyon
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The magnitude and frequency of
high and low flows regulate numer-
ous ecological processes. Frequent,
moderately high flows effectively
transport sediment through the chan-
nel (Leopold et al. 1964). This sedi-
ment movement, combined with the
force of moving water, exports or-
ganic resources, such as detritus and
attached algae, rejuvenating the bio-
logical community and allowing
many species with fast life cycles and
good colonizing ability to reestab-
lish (Fisher 1983). Consequently, the
composition and relative abundance
of species that are present in a stream
or river often reflect the frequency
and intensity of high flows (Meffe
and Minckley 1987, Schlosser 1985).



High flows provide further eco-
logical benefits by maintaining eco-
system productivity and diversity.
For example, high flows remove and
transport fine sediments that would
otherwise fill the interstitial spaces
in productive gravel habitats (Beschta
and Jackson 1979). Floods import
woody debris into the channel (Keller
and Swanson 1979), where it creates
new, high-quality habitat (Figure 4;
Moore and Gregory 1988, Wallace
and Benke 1984). By connecting the
channel to the floodplain, high
overbank flows also maintain
broader productivity and diversity.
Floodplain wetlands provide impor-
tant nursery grounds for fish and
export organic matter and organ-
isms back into the main channel (Junk
et al. 1989, Sparks 1995, Welcomme
1992). The scouring of floodplain
soils rejuvenates habitat for plant
species that germinate only on bar-
ren, wetted surfaces that are free of
competition (Scott et al. 1996) or
that require access to shallow water
tables (Stromberg et al. 1997). Flood-
resistant, disturbance-adapted ripar-
ian communities are maintained by
flooding along river corridors, even
in river sections that have steep banks
and lack floodplains (Hupp and
Osterkamp 1985).



Flows of low magnitude also pro-
vide ecological benefits. Periods of
low flow may present recruitment
opportunities for riparian plant spe-
cies in regions where floodplains are
frequently inundated (Wharton et
al. 1981). Streams that dry tempo-
rarily, generally in arid regions, have
aquatic (Williams and Hynes 1977)



and riparian (Nilsen et al. 1984) spe-
cies with special behavioral or physi-
ological adaptations that suit them
to these harsh conditions.



The duration of a specific flow
condition often determines its eco-
logical significance. For example, dif-
ferences in tolerance to prolonged
flooding in riparian plants (Chapman
et al. 1982) and to prolonged low flow
in aquatic invertebrates (Williams and
Hynes 1977) and fishes (Closs and
Lake 1996) allow these species to
persist in locations from which they
might otherwise be displaced by
dominant, but less tolerant, species.



The timing, or predictability, of
flow events is critical ecologically
because the life cycles of many
aquatic and riparian species are timed
to either avoid or exploit flows of
variable magnitudes. For example,
the natural timing of high or low
streamflows provides environmen-
tal cues for initiating life cycle tran-
sitions in fish, such as spawning
(Montgomery et al. 1983, Nesler et
al. 1988), egg hatching (Næsje et al.
1995), rearing (Seegrist and Gard
1978), movement onto the flood-
plain for feeding or reproduction
(Junk et al. 1989, Sparks 1995,
Welcomme 1992), or migration up-
stream or downstream (Trépanier et
al. 1996). Natural seasonal varia-
tion in flow conditions can prevent



the successful establishment of non-
native species with flow-dependent
spawning and egg incubation require-
ments, such as striped bass (Morone
saxatilis; Turner and Chadwick
1972) and brown trout (Salmo trutta;
Moyle and Light 1996, Strange et al.
1992).



Seasonal access to floodplain wet-
lands is essential for the survival of
certain river fishes, and such access
can directly link high wetland produc-
tivity with fish production in the stream
channel (Copp 1989, Welcomme
1979). Studies of the effects on stream
fishes of both extensive and limited
floodplain inundation (Finger and
Stewart 1987, Ross and Baker 1983)
indicate that some fishes are adapted
to exploiting floodplain habitats, and
these species decline in abundance
when floodplain use is restricted.
Models indicate that catch rates and
biomass of fish are influenced by
both maximum and minimum wet-
land area (Power et al. 1995,
Welcomme and Hagborg 1977), and
empirical work shows that the area
of floodplain water bodies during
nonflood periods influences the spe-
cies richness of those wetland habi-
tats (Halyk and Balon 1983). The
timing of floodplain inundation is
important for some fish because mi-
gratory and reproductive behaviors
must coincide with access to and avail-



Figure 4. Geomorphic and ecological functions provided by different levels of flow.
Water tables that sustain riparian vegetation and that delineate in-channel baseflow
habitat are maintained by groundwater inflow and flood recharge (A). Floods of
varying size and timing are needed to maintain a diversity of riparian plant species
and aquatic habitat. Small floods occur frequently and transport fine sediments,
maintaining high benthic productivity and creating spawning habitat for fishes (B).
Intermediate-size floods inundate low-lying floodplains and deposit entrained sedi-
ment, allowing for the establishment of pioneer species (C). These floods also import
accumulated organic material into the channel and help to maintain the characteristic
form of the active stream channel. Larger floods that recur on the order of decades
inundate the aggraded floodplain terraces, where later successional species establish
(D). Rare, large floods can uproot mature riparian trees and deposit them in the channel,
creating high-quality habitat for many aquatic species (E).
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ability of floodplain habitats (Wel-
comme 1979). The match of reproduc-
tive period and wetland access also
explains some of the yearly variation
in stream fish community composition
(Finger and Stewart 1987).



Many riparian plants also have
life cycles that are adapted to the
seasonal timing components of natu-



ral flow regimes through their “emer-
gence phenologies”—the seasonal
sequence of flowering, seed dispersal,
germination, and seedling growth.
The interaction of emergence phe-
nologies with temporally varying
environmental stress from flooding
or drought helps to maintain high
species diversity in, for example,



southern floodplain forests (Streng
et al. 1989). Productivity of riparian
forests is also influenced by flow
timing and can increase when short-
duration flooding occurs in the grow-
ing season (Mitsch and Rust 1984,
Molles et al. 1995).



The rate of change, or flashiness,
in flow conditions can influence spe-



Table 2. Ecological responses to alterations in components of natural flow regime.a



Flow component Specific alteration Ecological response Reference(s)



Magnitude and Increased variation Wash-out and/or stranding Cushman 1985, Petts 1984
frequency Loss of sensitive species Gehrke et al. 1995, Kingsolving



and Bain 1993, Travnichek et
al. 1995



Increased algal scour and wash-out of Petts 1984
organic matter



Life cycle disruption Scheidegger and Bain 1995



Altered energy flow Valentin et al. 1995
Flow stabilization Invasion or establishment of exotic species,



leading to:
  Local extinction Kupferberg 1996, Meffe 1984
  Threat to native commercial species Stanford et al. 1996
  Altered communities Busch and Smith 1995, Moyle



1986, Ward and Stanford 1979
Reduced water and nutrients to floodplain
plant species, causing:
  Seedling desiccation Duncan 1993
  Ineffective seed dispersal Nilsson 1982
  Loss of scoured habitat patches and second- Fenner et al. 1985, Rood et al.
  ary channels needed for plant establishment 1995, Scott et al. 1997,



Shankman and Drake 1990
  Encroachment of vegetation into channels Johnson 1994, Nilsson 1982



Timing Loss of seasonal flow peaks Disrupt cues for fish:
  Spawning Fausch and Bestgen 1997,



Montgomery et al. 1993, Nesler
et al. 1988



  Egg hatching Næsje et al. 1995
  Migration Williams 1996
Loss of fish access to wetlands or backwaters Junk et al. 1989, Sparks 1995
Modification of aquatic food web structure Power 1992, Wootton et al. 1996
Reduction or elimination of riparian plant Fenner et al. 1985
recruitment
Invasion of exotic riparian species Horton 1977
Reduced plant growth rates Reily and Johnson 1982



Duration Prolonged low flows Concentration of aquatic organisms Cushman 1985, Petts 1984
Reduction or elimination of plant cover Taylor 1982
Diminished plant species diversity Taylor 1982
Desertification of riparian species Busch and Smith 1995, Stromberg
composition et al. 1996
Physiological stress leading to reduced plant Kondolf and Curry 1986, Perkins et
growth rate, morphological change, al. 1984, Reily and Johnson 1982,
or mortality Rood  et al. 1995, Stromberg et al.



1992



Prolonged baseflow “spikes” Downstream loss of floating eggs Robertson 1997



Altered inundation duration Altered plant cover types Auble et al. 1994



Prolonged inundation Change in vegetation functional type Bren 1992, Connor et al. 1981
Tree mortality Harms et al. 1980
Loss of riffle habitat for aquatic species Bogan 1993



Rate of change Rapid changes in river stage Wash-out and stranding of aquatic species Cushman 1985, Petts 1984



Accelerated flood recession Failure of seedling establishment Rood et al. 1995



aOnly representative studies are listed here. Additional references are located on the Web at http://lamar.colostate.edu/~poff/natflow.html.
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cies persistence and coexistence. In
many streams and rivers, particu-
larly in arid areas, flow can change
dramatically over a period of hours
due to heavy storms. Non-native
fishes generally lack the behavioral
adaptations to avoid being displaced
downstream by sudden floods
(Minckley and Deacon 1991). In a
dramatic example of how floods can
benefit native species, Meffe (1984)
documented that a native fish, the Gila
topminnow (Poeciliopsis occidentalis),
was locally extirpated by the intro-
duced predatory mosquitofish (Gam-
busia affinis) in locations where natu-
ral flash floods were regulated by
upstream dams, but the native species
persisted in naturally flashy streams.



Rapid flow increases in streams of
the central and southwestern United
States often serve as spawning cues
for native minnow species, whose
rapidly developing eggs are either
broadcast into the water column or
attached to submerged structures as
floodwaters recede (Fausch and Best-
gen 1997, Robertson in press). More
gradual, seasonal rates of change in
flow conditions also regulate the per-
sistence of many aquatic and riparian
species. Cottonwoods (Populus spp.),
for example, are disturbance species
that establish after winter–spring
flood flows, during a narrow “win-
dow of opportunity” when competi-
tion-free alluvial substrates and wet
soils are available for germination.
A certain rate of floodwater reces-
sion is critical to seedling germina-
tion because seedling roots must re-
main connected to a receding water
table as they grow downward (Rood
and Mahoney 1990).



Ecological responses to altered
flow regimes
Modification of the natural flow re-
gime dramatically affects both
aquatic and riparian species in
streams and rivers worldwide. Eco-
logical responses to altered flow re-
gimes in a specific stream or river
depend on how the components of
flow have changed relative to the
natural flow regime for that particu-
lar stream or river (Poff and Ward
1990) and how specific geomorphic
and ecological processes will respond
to this relative change. As a result of



variation in flow regime within and
among rivers (Figure 2), the same
human activity in different locations
may cause different degrees of change
relative to unaltered conditions and,
therefore, have different ecological
consequences.



Flow alteration commonly changes
the magnitude and frequency of high
and low flows, often reducing vari-
ability but sometimes enhancing the
range. For example, the extreme daily
variations below peaking power hy-
droelectric dams have no natural
analogue in freshwater systems and
represent, in an evolutionary sense,
an extremely harsh environment of
frequent, unpredictable flow distur-
bance. Many aquatic populations liv-
ing in these environments suffer high
mortality from physiological stress,
from wash-out during high flows,
and from stranding during rapid de-
watering (Cushman 1985, Petts
1984). Especially in shallow shore-
line habitats, frequent atmospheric
exposure for even brief periods can
result in massive mortality of bot-
tom-dwelling organisms and subse-
quent severe reductions in biological
productivity (Weisberg et al. 1990).
Moreover, the rearing and refuge
functions of shallow shoreline or
backwater areas, where many small
fish species and the young of large
species are found (Greenberg et al.
1996, Moore and Gregory 1988),
are severely impaired by frequent
flow fluctuations (Bain et al. 1988,
Stanford 1994). In these artificially
fluctuating environments, specialized
stream or river species are typically
replaced by generalist species that
tolerate frequent and large varia-
tions in flow. Furthermore, life cycles
of many species are often disrupted
and energy flow through the ecosys-
tem is greatly modified (Table 2).
Short-term flow modifications clearly
lead to a reduction in both the natu-
ral diversity and abundance of many
native fish and invertebrates.



At the opposite hydrologic ex-
treme, flow stabilization below cer-
tain types of dams, such as water
supply reservoirs, results in artifi-
cially constant environments that
lack natural extremes. Although pro-
duction of a few species may in-
crease greatly, it is usually at the
expense of other native species and
of systemwide species diversity



(Ward and Stanford 1979). Many
lake fish species have successfully
invaded (or been intentionally estab-
lished in) flow-stabilized river envi-
ronments (Moyle 1986, Moyle and
Light 1996). Often top predators,
these introduced fish can devastate
native river fish and threaten com-
mercially valuable stocks (Stanford
et al. 1996). In the southwestern
United States, virtually the entire
native river fish fauna is listed as
threatened under the Endangered
Species Act, largely as a consequence
of water withdrawal, flow stabiliza-
tion, and exotic species prolifera-
tion. The last remaining strongholds
of native river fishes are all in dy-
namic, free-flowing rivers, where
exotic fishes are periodically reduced
by natural flash floods (Minckley
and Deacon 1991, Minckley and
Meffe 1987).



Flow stabilization also reduces the
magnitude and frequency of overbank
flows, affecting riparian plant species
and communities. In rivers with con-
strained canyon reaches or multiple
shallow channels, loss of high flows
results in increased cover of plant
species that would otherwise be re-
moved by flood scour (Ligon et al.
1995, Williams and Wolman 1984).
Moreover, due to other related ef-
fects of flow regulation, including
increased water salinity, non-native
vegetation often dominates, such as
the salt cedar (Tamarix sp.) in the
semiarid western United States
(Busch and Smith 1995). In alluvial
valleys, the loss of overbank flows
can greatly modify riparian commu-
nities by causing plant desiccation,
reduced growth, competitive exclu-
sion, ineffective seed dispersal, or
failure of seedling establishment
(Table 2).



The elimination of flooding may
also affect animal species that de-
pend on terrestrial habitats. For ex-
ample, in the flow-stabilized Platte
River of the United States Great
Plains, the channel has narrowed
dramatically (up to 85%) over a
period of decades (Johnson 1994).
This narrowing has been facilitated
by vegetative colonization of sand-
bars that formerly provided nest-
ing habitat for the threatened pip-
ing plover (Charadius melodius)
and endangered least tern (Sterna
antillarum; Sidle et al. 1992). Sand-
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hill cranes (Grus canadensis), which
made the Platte River famous, have
abandoned river segments that have
narrowed the most (Krapu et al. 1984).



Changes in the duration of flow
conditions also have significant bio-
logical consequences. Riparian plant
species respond dramatically to chan-
nel dewatering, which occurs fre-
quently in arid regions due to surface
water diversion and groundwater
pumping. These biological and eco-
logical responses range from altered
leaf morphology to total loss of ri-
parian vegetation cover (Table 2).
Changes in duration of inundation,
independent of changes in annual
volume of flow, can alter the abun-
dance of plant cover types (Auble et
al. 1994). For example, increased
duration of inundation has contrib-
uted to the conversion of grassland
to forest along a regulated Austra-
lian river (Bren 1992). For aquatic
species, prolonged flows of particu-
lar levels can also be damaging. In
the regulated Pecos River of New
Mexico, artificially prolonged high
summer flows for irrigation displace
the floating eggs of the threatened
Pecos bluntnose shiner (Notropis sinius
pecosensis) into unfavorable habitat,
where none survive (Robertson in
press).



Modification of natural flow tim-
ing, or predictability, can affect
aquatic organisms both directly and
indirectly. For example, some native
fishes in Norway use seasonal flow
peaks as a cue for egg hatching, and
river regulation that eliminates these
peaks can directly reduce local popu-
lation sizes of these species (Næsje et
al. 1995). Furthermore, entire food
webs, not just single species, may be
modified by altered flow timing. In
regulated rivers of northern Califor-
nia, the seasonal shifting of scouring
flows from winter to summer indi-
rectly reduces the growth rate of juve-
nile steelhead trout (Oncorhyncus
mykiss) by increasing the relative
abundance of predator-resistant in-
vertebrates that divert energy away
from the food chain leading to trout
(Wootton et al. 1996). In unregu-
lated rivers, high winter flows re-
duce these predator-resistant insects
and favor species that are more pal-
atable to fish.



Riparian plant species are also
strongly affected by altered flow tim-



ing (Table 2). A shift in timing of
peak flows from spring to summer,
as often occurs when reservoirs are
managed to supply irrigation water,
has prevented reestablishment of the
Fremont cottonwood (Populus
fremontii), the dominant plant spe-
cies in Arizona, because flow peaks
now occur after, rather than before,
its germination period (Fenner et al.
1985). Non-native plant species with
less specific germination require-
ments may benefit from changes in
flood timing. For example, salt
cedar’s (Tamarix sp.) long seed dis-
persal period allows it to establish
after floods occurring any time during
the growing season, contributing to its
abundance on floodplains of the west-
ern United States (Horton 1977).



Altering the rate of change in flow
can negatively affect both aquatic
and riparian species. As mentioned
above, loss of natural flashiness



threatens most of the native fish fauna
of the American Southwest (Minckley
and Deacon 1991), and artificially
increased rates of change caused by
peaking power hydroelectric dams
on historically less flashy rivers cre-
ates numerous ecological problems
(Table 2; Petts 1984). A modified
rate of change can devastate riparian
species, such as cottonwoods, whose
successful seedling growth depends
on the rate of groundwater recession
following floodplain inundation. In
the St. Mary River in Alberta,
Canada, for example, rapid draw-
downs of river stage during spring
have prevented the recruitment of
young trees (Rood and Mahoney
1990). Such effects can be reversed,
however. Restoration of the spring
flood and its natural, slow recession
in the Truckee River in California
has allowed the successful establish-
ment of a new generation of cotton-



Figure 5. A brief history of flow alteration in the United States.
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wood trees (Klotz and Swanson
1997).



Recent approaches to
streamflow management
Methods to estimate environmental
flow requirements for rivers focus



primarily on one or a few species
that live in the wetted river channel.
Most of these methods have the nar-
row intent of establishing minimum
allowable flows. The simplest make
use of easily analyzed flow data, of
assumptions about the regional simi-
larity of rivers, and of professional



opinions of the minimal flow needs
for certain fish species (e.g., Larson
1981).



A more sophisticated assessment
of how changes in river flow affect
aquatic habitat is provided by the
Instream Flow Incremental Method-
ology (IFIM; Bovee and Milhous



Table 3. Recent projects in which restoration of some component(s) of natural flow regimes has occurred or been proposed
for specific ecological benefits.



Location Flow component(s) Ecological purpose(s) Reference



Trinity River, CA Mimic timing and magnitude of peak Rejuvenate in-channel gravel habitats; restore Barinaga 1996a



flow early riparian succession; provide migration
flows for juvenile salmon



Truckee River, CA Mimic timing, magnitude, and duration Restore riparian trees, especially cottonwoods Klotz and Swanson
of peak flow, and its rate of change 1997
during recession



Owens River, CA Increase base flows; partially restore Restore riparian vegetation and habitat for Hill and Platts in
overbank flows native fishes and non-native brown trout press



Rush Creek, CA (and other Increase minimum flows Restore riparian vegetation and habitat for LADWP 1995
tributaries to Mono Lake) waterfowl and non-native fishes



Oldman River and tributaries, Increase summer flows; reduce rates of Restore riparian vegetation (cottonwoods) Rood et al. 1995
southern Alberta, Canada postflood stage decline; mimic natural and cold-water (trout) fisheries



flows in wet years



Green River, UT Mimic timing and duration of peak flow Recovery of endangered fish species; enhance Stanford 1994
and duration and timing of nonpeak other native fishes
flows; reduce rapid baseflow fluctu-
ations from hydropower generation



San Juan River, UT/NM Mimic magnitude, timing, and duration Recovery of endangered fish species        —b



of peak flow; restore low winter
baseflows



Gunnison River, CO Mimic magnitude, timing, and duration Recovery of endangered fish species        —b



of peak flow; mimic duration and timing
of nonpeak flows



Rio Grande River, NM Mimic timing and duration of flood- Ecosystem processes (e.g., nitrogen flux, Molles et al. 1995
plain inundation microbial activity, litter decomposition)



Pecos River, NM Regulate duration and magnitude of Determine spawning and habitat needs Robertson 1997
summer irrigation releases to mimic for threatened fish species
spawning flow “spikes”; maintain
minimum flows



Colorado River, AZ Mimic magnitude and timing Restore habitat for endangered fish species Collier et al. 1997
and scour riparian zone



Bill Williams River, AZ Mimic natural flood peak timing Promote establishment of native trees USCOE 1996
(proposed) and duration



Pemigewasset River, NH Reduce frequency (i.e., to no more Enhance native Atlantic salmon recovery FERC 1995
than natural frequency) of high flows
during summer low-flow season; reduce
rate of change between low and high
flows during hydropower cycles



Roanoke River, VA Restore more natural patterning of Increased reproduction of striped bass Rulifson and Manooch
monthly flows in spring; reduce rate of 1993
change between low and high flows
during hydropower cycles



Kissimmee River, FL Mimic magnitude, duration, rate of Restore floodplain inundation to recover Toth 1995
change, and timing of high- and low- wetland functions; reestablish in-channel
flow periods habitats for fish and other aquatic species



aJ. Polos, 1997, personal communication. US Fish & Wildlife Service, Arcata, CA.
bF. Pfeifer, 1997, personal communication. US Fish & Wildlife Service, Grand Junction, CO.
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1978). IFIM combines two models, a
biological one that describes the physi-
cal habitat preferences of fishes (and
occasionally macroinvertebrates) in
terms of depth, velocity, and substrate,
and a hydraulic one that estimates
how the availability of habitat for
fish varies with discharge. IFIM has
been widely used as an organiza-
tional framework for formulating
and evaluating alternative water
management options related to pro-
duction of one or a few fish species
(Stalnaker et al. 1995).



As a predictive tool for ecological
management, the IFIM modeling
approach has been criticized both in
terms of the statistical validity of its
physical habitat characterizations
(Williams 1996) and the limited re-
alism of its biological assumptions
(Castleberry et al. 1996). Field tests
of its predictions have yielded mixed
results (Morehardt 1986). Although
this approach continues to evolve,
both by adding biological realism
(Van Winkle et al. 1993) and by
expanding the range of habitats
modeled (Stalnaker et al. 1995), in
practice it is often used only to estab-
lish minimum flows for “important”
(i.e., game or imperiled) fish species.
But current understanding of river
ecology clearly indicates that fish
and other aquatic organisms require
habitat features that cannot be main-
tained by minimum flows alone (see
Stalnaker 1990). A range of flows is
necessary to scour and revitalize
gravel beds, to import wood and
organic matter from the floodplain,
and to provide access to productive
riparian wetlands (Figure 4). Inter-
annual variation in these flow peaks
is also critical for maintaining chan-
nel and riparian dynamics. For ex-
ample, imposition of only a fixed
high-flow level each year would sim-
ply result in the equilibration of in-
channel and floodplain habitats to
these constant peak flows.



Moreover, a focus on one or a few
species and on minimum flows fails
to recognize that what is “good” for
the ecosystem may not consistently
benefit individual species, and that
what is good for individual species
may not be of benefit to the ecosys-
tem. Long-term studies of naturally
variable systems show that some spe-
cies do best in wet years, that other
species do best in dry years, and that



overall biological diversity and eco-
system function benefit from these
variations in species success (Tilman
et al. 1994). Indeed, experience in
river restoration clearly shows the
impossibility of simultaneously en-
gineering optimal conditions for all
species (Sparks 1992, 1995, Toth
1995). A holistic view that attempts
to restore natural variability in eco-
logical processes and species success
(and that acknowledges the tremen-
dous uncertainty that is inherent in
attempting to mechanistically model
all species in the ecosystem) is neces-
sary for ecosystem management and
restoration (Franklin 1993).



Managing toward a natural
flow regime
The first step toward better incorpo-
rating flow regime into the manage-
ment of river ecosystems is to recog-
nize that extensive human alteration
of river flow has resulted in wide-
spread geomorphic and ecological
changes in these ecosystems. The his-
tory of river use is also a history of
flow alteration (Figure 5). The early
establishment of the US Army Corps
of Engineers is testimony to the im-
portance that the nation gave to de-
veloping navigable water routes and
to controlling recurrent large floods.
However, growing understanding of
the ecological impacts of flow alter-
ation has led to a shift toward an
appreciation of the merits of free-
flowing rivers. For example, the Wild
and Scenic Rivers Act of 1968 recog-
nized that the flow of certain rivers
should be protected as a national
resource, and the recent blossoming
of natural flow restoration projects
(Table 3) may herald the beginning
of efforts to undo some of the dam-
age of past flow alterations. The next
century holds promise as an era for
renegotiating human relationships
with rivers, in which lessons from past
experience are used to direct wise and
informed action in the future.



A large body of evidence has
shown that the natural flow regime
of virtually all rivers is inherently
variable, and that this variability is
critical to ecosystem function and
native biodiversity. As we have al-
ready discussed, rivers with highly
altered and regulated flows lose their
ability to support natural processes



and native species. Thus, to protect
pristine or nearly pristine systems, it
is necessary to preserve the natural
hydrologic cycle by safeguarding
against upstream river development
and damaging land uses that modify
runoff and sediment supply in the
watershed.



Most rivers are highly modified,
of course, and so the greatest chal-
lenges lie in managing and restoring
rivers that are also used to satisfy
human needs. Can reestablishing the
natural flow regime serve as a useful
management and restoration goal?
We believe that it can, although to
varying degrees, depending on the
present extent of human interven-
tion and flow alteration affecting a
particular river. Recognizing the
natural variability of river flow and
explicitly incorporating the five com-
ponents of the natural flow regime
(i.e., magnitude, frequency, duration,
timing, and rate of change) into a
broader framework for ecosystem
management would constitute a
major advance over most present
management, which focuses on mini-
mum flows and on just a few species.
Such recognition would also con-
tribute to the developing science of
stream restoration in heavily altered
watersheds, where, all too often,
physical channel features (e.g., bars
and woody debris) are re-created
without regard to restoring the flow
regime that will help to maintain
these re-created features.



Just as rivers have been incremen-
tally modified, they can be incre-
mentally restored, with resulting
improvements to many physical and
biological processes. A list of recent
efforts to restore various components
of a natural flow regime (that is, to
“naturalize” river flow) demon-
strates the scope for success (Table
3). Many of the projects summarized
in Table 3 represent only partial steps
toward full flow restoration, but they
have had demonstrable ecological
benefits. For example, high flood
flows followed by mimicked natural
rates of flow decline in the Oldman
River of Alberta, Canada, resulted in
a massive cottonwood recruitment
that extended for more than 500 km
downstream from the Oldman Dam.
Dampening of the unnatural flow
fluctuations caused by hydroelectric
generation on the Roanoke River in
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Virginia has increased juvenile abun-
dances of native striped bass. Mim-
icking short-duration flow spikes that
are historically caused by summer
thunderstorms in the regulated Pecos
River of New Mexico has benefited
the reproductive success of the Pecos
bluntnose shiner.



We also recognize that there are
scientific limits to how precisely the
natural flow regime for a particular
river can be defined. It is possible to
have only an approximate knowl-
edge of the historic condition of a
river, both because some human ac-
tivities may have preceded the instal-
lation of flow gauges, and because
climate conditions may have changed
over the past century or more. Fur-
thermore, in many rivers, year-to-
year differences in the timing and
quantity of flow result in substantial
variability around any average flow
condition. Accordingly, managing
for the “average” condition can be
misguided. For example, in human-
altered rivers that are managed for
incremental improvements, restoring
a flow pattern that is simply propor-
tional to the natural hydrograph in
years with little runoff may provide
few if any ecological benefits, be-
cause many geomorphic and eco-
logical processes show nonlinear re-
sponses to flow. Clearly, half of the
peak discharge will not move half of
the sediment, half of a migration-
motivational flow will not motivate
half of the fish, and half of an
overbank flow will not inundate half
of the floodplain. In such rivers, more
ecological benefits would accrue
from capitalizing on the natural be-
tween-year variability in flow. For
example, in years with above-aver-
age flow, “surplus” water could be
used to exceed flow thresholds that
drive critical geomorphic and eco-
logical processes.



If full flow restoration is impos-
sible, mimicking certain geomorphic
processes may provide some ecologi-
cal benefits. Well-timed irrigation
could stimulate recruitment of val-
ued riparian trees such as cotton-
woods (Friedman et al. 1995). Stra-
tegically clearing vegetation from
river banks could provide new
sources of gravel for sediment-
starved regulated rivers with reduced
peak flows (e.g., Ligon et al. 1995).
In all situations, managers will be



required to make judgments about
specific restoration goals and to work
with appropriate components of the
natural flow regime to achieve those
goals. Recognition of the natural flow
variability and careful identification
of key processes that are linked to
various components of the flow re-
gime are critical to making these
judgments.



Setting specific goals to restore a
more natural regime in rivers with
altered flows (or, equally important,
to preserve unaltered flows in pristine
rivers) should ideally be a cooperative
process involving river scientists, re-
source managers, and appropriate
stakeholders. The details of this pro-
cess will vary depending on the spe-
cific objectives for the river in ques-
tion, the degree to which its flow
regime and other environmental vari-
ables (e.g., thermal regime, sediment
supply) have been altered, and the
social and economic constraints that
are in play. Establishing specific cri-
teria for flow restoration will be chal-
lenging because our understanding
of the interactions of individual flow
components with geomorphic and
ecological processes is incomplete.
However, quantitative, river-specific
standards can, in principle, be devel-
oped based on the reconstruction of
the natural flow regime (e.g., Rich-
ter et al. 1997). Restoration actions
based on such guidelines should be
viewed as experiments to be moni-
tored and evaluated—that is, adap-
tive management—to provide criti-
cal new knowledge for creative
management of natural ecosystem
variability (Table 3).



To manage rivers from this new
perspective, some policy changes are
needed. The narrow regulatory fo-
cus on minimum flows and single
species impedes enlightened river
management and restoration, as do
the often conflicting mandates of the
many agencies and organizations that
are involved in the process. Revi-
sions of laws and regulations, and
redefinition of societal goals and poli-
cies, are essential to enable managers
to use the best science to develop ap-
propriate management programs.



Using science to guide ecosystem
management requires that basic and
applied research address difficult
questions in complex, real-world set-
tings, in which experimental con-



trols and statistical replication are
often impossible. Too little attention
and too few resources have been de-
voted to clarifying how restoring
specific components of the flow re-
gime will benefit the entire ecosys-
tem. Nevertheless, it is clear that,
whenever possible, the natural river
system should be allowed to repair
and maintain itself. This approach is
likely to be the most successful and
the least expensive way to restore
and maintain the ecological integrity
of flow-altered rivers (Stanford et al.
1996). Although the most effective
mix of human-aided and natural re-
covery methods will vary with the
river, we believe that existing knowl-
edge makes a strong case that restor-
ing natural flows should be a corner-
stone of our management approach
to river ecosystems.
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From: Mark M
To: Armitage, Thomas
Subject: Re: Availability for a phone call with Mark Rains
Date: Monday, May 05, 2014 3:50:14 PM


 Hi Tom, I am getting on a plane for Seattle right now and would like to schedule this call for
 next week. Monday or Tuesday would be best.
-- 
Sent from my Android phone with K-9 Mail. Please excuse my brevity.


"Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:
Hi Mark,
 
On the Connectivity Panel teleconferences last week, Mark Rains indicated that he would provide
 some additional  text  on spatial and temporal scale for the response to charge question 2 on the
 conceptual model .  My notes indicate that you will provide some material to Mark Rains for this
 and that you will include concepts (with references) from the literature on disturbance ecology.
 
Mark Rains asked me to set up a call so he can talk with you about how to most efficiently
 incorporate your material into the report.  He indicates that he is available any day this week and
 next week (except today) from 8 am – 3 pm and 4 – 6 pm (Eastern Time).  Please let me know
 when you are available this week and next and I will schedule a call.   Thanks.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Mark Murphy
To: Armitage, Thomas; mrains@usf.edu
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Re: Date and time of call to discuss the material for SAB Panel report
Date: Sunday, May 11, 2014 10:55:46 PM
Attachments: Definition.docx


Hi everyone,


Attached is my first, very rough, cut at the disturbance ecology contribution. Still need to find
 a few more references, particularly examples from mesic systems. I leaned heavily on Emily
 Stanley's excellent review paper in J-NABS. I'm inclined to just say "read and incorporate that
 paper" but that would be lazy.


Enjoy!
Mark


Mark T. Murphy, Ph.D., R.G.
Hassayampa Associates
#3110, 2600 W Ironwood Hill Dr.
Tucson, AZ 85745
(520) 302-9297
hassy@cox.net


*Confidentiality and Nondisclosure Notice:* This email transmission and
any attachments are intended for use by the person(s)/entity(ies) named
above and may contain confidential/privileged information. Any
unauthorized use, disclosure or distribution is strictly prohibited. If
you are not the intended recipient, please contact the sender by email,
and delete or destroy all copies plus attachments.


On 5/5/2014 3:09 PM, Armitage, Thomas wrote:


Hi  Mark Rains and Mark Murphy,
 


I have scheduled a call  on Tuesday, May 13th from 1 – 2 pm (Eastern Time) for you to
 talk about the additional text  for Section 3.2 of the SAB Connectivity Panel’s report.
 
The call-in number is 1-866-299-3188, conference code 2023439995# .
 
My notes indicate Mark Rains will develop some additional  text  on spatial and
 temporal scale for the response to charge question 2 .  Mark Murphy will provide
 material for this and will include concepts (with references) from the literature on
 disturbance ecology.
 
Thanks very much,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
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Most of the following was gleaned from or suggested by Stanley and co-workers review paper ( 2010).


Definition: ‘‘any relatively discrete event in time that disrupts the ecosystem, community, or population structure and changes resources, substrate availability, or the physical environment.’’  (Pickett and White, 1985)


Places the temporal and spatial scale on the biotic effect. 


 “ . . . the biological consequence should be viewed simply as a filter that answers the yes/no question: ‘Is it a disturbance?’ Second, after passing through this filter, disturbances must be quantified by physical measures of the event itself (e.g., intensity, duration, frequency) rather than in terms of biotic responses to allow objective comparisons among events (Resh et al., 1988, Poff, 1992, Lake, 2000)” (Stanley et al, 2010)


If a disturbance(cause) results in ecological harm (effect) to the downsteam waters, then the event is (significantly) connected to those waters. The metric of significance is up to the user (regulator).


Predictability. “Resh et al. (1988) also expanded upon White and Pickett’s definition and stipulated that disturbances must be outside some predictable range of frequency or intensity.” (Stanley et al, 2010)


Poff’s (1992) answer: “In  sum,  disturbances (including predictable ones)  always have  ecological effects; however, the  magnitude of ecological response to a particular disturbance may  be constrained by evolutionary (historical) adjustments of the  biota  if the  disturbance  regime is characterized by high predictability.”  


Thus and again, the biotic consequences define predictability, specifically if the ecosystem, community, or population have adapted to the event of not. A harmful disturbance in one ecosystem may be necessary or irrelevant to another ecosystem.


This would suggest that unpredictable (un-adapted) disturbances in the watershed, if propagated down to the ecosystem, community, or population of downstream waters, constitute an ecologically harmful connection.


Measuring  disturbance. What are the metrics of such a disturbance?  Poff and Ward (1989) survey of long-term discharge records (17–81 yr) of 78 streams from across the continental United States. 


Hydrologic variables of importance from the study :  magnitude, frequency, predictability and duration.  Each of these hydrologic variables are defined by the biotic consequences to the adapted ecosystem, community, or population. 


This was outlined by Poff, et al (1997), who also added flashiness, or acceleration of flow to peak discharge, measured over some characteristic flood hydrograph (see original for figures):


“The magnitude of discharge at any given time interval is simply the amount of water moving past a fixed location per unit time. Magnitude can refer either to absolute or to relative discharge (e.g., the amount of water that inundates a floodplain). Maximum and minimum magnitudes of flow vary with climate and watershed size both within and among river systems.


The frequency of occurrence refers to how often a flow above a given magnitude recurs over some specified time interval. Frequency of occurrence is inversely related to flow magnitude. For example, a 100-year flood is equaled or exceeded on average once every 100 years (i.e., a chance of 0.01 of occurring in any given year). The average (median) discharge (also known as streamflow, flow, or flow rate) is always expressed in dimensions of volume per time. However, a great variety of units are used to describe flow, depending on custom and purpose of characterization: Flows can be expressed in near instantaneous terms (e.g., ft3/s and m3/s) or over long time intervals (e.g., acre-ft/yr).  Flow is determined from a data series of discharges defined over a specific time interval, and it has a frequency of occurrence, for example, 0.5 (a 50% probability). 


The duration is the period of time associated with a specific flow condition. Duration can be defined relative to a particular flow event (e.g., a floodplain may be inundated for a specific number of days by a ten-year flood), or it can be a defined as a composite expressed over a specified time period (e.g., the number of days in a year when flow exceeds some value). 


The timing, or predictability, of flows of defined magnitude refers to the regularity with which they occur. This regularity can be defined formally or informally and with reference to different time scales (Poff 1996). For example, annual peak flows may occur with low seasonal predictability (Figure 2b) or with high seasonal predictability (Figure 2c). 


The rate of change, or flashiness, refers to how quickly flow changes from one magnitude to another. At the extremes, "flashy" streams have rapid rates of change (Figure 2b), whereas "stable" streams have slow rates of change (Figure 2a).”    


This purely hydrologic definition must be compared to the habitat constraints of the adapted ecosystem, community, or population of jurisdictional waters.


Resilience and resistance.  Webster et al (1975) defined this as: “Resistance, the ability of an ecosystem to resist perturbation, results from the accumulated structure of the ecosystem. Resilience, the ability of an ecosystem to return to a nominal trajectory once displaced, reflects dissipative forces inherent in the ecosystem.”  For stream ecosystems, Webster et al (1983) used the assimilative capacity of the stream to better understand resistance and resilience. 


Fritz and  Dodds (2004) defined the terms as: “Resistance is defined here as changes in a response variable caused by disturbance, whereas resilience is the rate of recovery for a variable following disturbance. Assemblages from frequently disturbed environments are more resilient than assemblages that experience disturbance infrequently because unstable environments are likely to be dominated by taxa with traits (e.g. short life cycles, dormancy) that allow them to persist in fluctuating environments. If the environment is unstable, but predictable, dominant taxa are likely to possess traits that enable avoidance or reduction of stress or rapid colonization of newly opened space. (Citations omitted)” 


Once again, it is the biotic consequence that defines the scale of the variable as a response to the hydrologic cause of the disturbance.


Geographic variability. The natural variability of disturbance metrics across 78 ecosystems of the continental US, as a function of meteorology, geology, elevation and so forth was explored by Poff and Ward (1989). They determined that:  “Using a nonhierarchical clustering technique, nine stream types were identified: harsh intermittent, intermittent flashy, intermittent runoff, perennial flashy, perennial runoff, snowmelt, snow + rain, winter rain, and mesic groundwater. Stream groups separated primarily on combined measures of intermittency, flood frequency, flood predictability, and overall flow predictability, and they showed reasonable geographic affiliation.” 


This suggests that the variability in disturbance behavior might also explain the regional variability in watershed response to ecological stressors.


Applications of disturbance ecology to streams.  The Arid West Water Quality Research project, Habitat Characterization Project commissioned a literature review of studies that used disturbance ecology to describe stream habitat response to flooding (Chadwick Ecological Consultants, Inc., 2000). These, mostly arid West examples, included (references in original report):  	


· Fisher et al. (1982); Grimm and Fisher (1989)  periphyton assemblage and the macroinvertebrate community in Sycamore Creek, Arizona


· Bruns and Minckley (1980) reported times to recovery in Aravaipa Creek, Arizona,


· Power and Stewart (1987) documented distributional patterns of two algae species with different resistance capabilities to flooding.


· Molles (1985) monitored the recovery of a stream invertebrate assemblage from a flash flood on Tesuque Creek, New Mexico


· Cushing and Gaines (1989) investigated recolonization following winter spates in endorheic (surface flow does not leave the basin) cold desert spring-streams in Washington state.


· Lamberti et al. (1991) investigated macroinvertebrate densities after a catastrophic flood and debris flow in a Cascade Mountain stream in Oregon.


· Scrimgeour et al. (1988) reported density, biomass, and number of taxa recovered 132 days after a severe flood in an unstable New Zealand river.


· Meffe (1984) demonstrated persistence in the Sonoran topminnow in Sharp Spring, Arizona.


· Gido et al. (1997) evaluated the variability of fish assemblages in secondary channels of the San Juan River in New Mexico and Utah.


· Fausch and Bramblett (1991) & Bramblett and Fausch (1991) described effects of flood disturbance on the fish community in the Purgatorie River and its tributaries in southeastern Colorado .


More recently, Stromberg et al (2007) studied the disturbance ecology of riparian ecosystems.  


Might want to dig up some more recent examples.


Nonlinearity and hysteresis?


Human disturbance?


[bookmark: _GoBack]Climate effects?
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From: Mark M
To: Armitage, Thomas; mrains@usf.edu
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Re: Date and time of call to discuss the material for SAB Panel report
Date: Tuesday, May 06, 2014 2:27:31 PM


 Got it. 
-- 
Sent from my Android phone with K-9 Mail. Please excuse my brevity.


"Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:
Hi  Mark Rains and Mark Murphy,
 


I have scheduled a call  on Tuesday, May 13th from 1 – 2 pm (Eastern Time) for you to talk about
 the additional text  for Section 3.2 of the SAB Connectivity Panel’s report.
 
The call-in number is 1-866-299-3188, conference code 2023439995# .
 
My notes indicate Mark Rains will develop some additional  text  on spatial and temporal scale for
 the response to charge question 2 .  Mark Murphy will provide material for this and will include
 concepts (with references) from the literature on disturbance ecology.
 
Thanks very much,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Mark Murphy
To: Rains, Mark; Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Re: Date and time of call to discuss the material for SAB Panel report
Date: Monday, May 12, 2014 2:21:45 PM


Fine by me.


Mark T. Murphy, Ph.D., R.G.
Hassayampa Associates
#3110, 2600 W Ironwood Hill Dr.
Tucson, AZ 85745
(520) 302-9297
hassy@cox.net


*Confidentiality and Nondisclosure Notice:* This email transmission and
any attachments are intended for use by the person(s)/entity(ies) named
above and may contain confidential/privileged information. Any
unauthorized use, disclosure or distribution is strictly prohibited. If
you are not the intended recipient, please contact the sender by email,
and delete or destroy all copies plus attachments.


On 5/12/2014 10:27 AM, Rains, Mark wrote:
> Can this be pushed back to 2:00-3:00pm? I know I asked for Tuesday 1:00-2:00pm initially, but I meant to say
 Monday 1:00-2:00pm and now am double booked Tuesday afternoon until 1:45pm. If we can't move the call to
 2:00-3:00pm, then let's go ahead with the call 1:00-2:00pm and I'll resolve the conflict on the other end. (I'm
 already working on alternatives on that end, too.)
> ________________________________________
> From: Armitage, Thomas [Armitage.Thomas@epa.gov]
> Sent: Monday, May 05, 2014 6:09 PM
> To: Rains, Mark; hassy@cox.net
> Cc: adr79@cornell.edu; Goodman, Iris
> Subject: Date and time of call to discuss the material for SAB Panel report
>
> Hi  Mark Rains and Mark Murphy,
>
> I have scheduled a call  on Tuesday, May 13th from 1 – 2 pm (Eastern Time) for you to talk about the additional
 text  for Section 3.2 of the SAB Connectivity Panel’s report.
>
> The call-in number is 1-866-299-3188, conference code 2023439995# .
>
> My notes indicate Mark Rains will develop some additional  text  on spatial and temporal scale for the response to
 charge question 2 .  Mark Murphy will provide material for this and will include concepts (with references) from
 the literature on disturbance ecology.
>
> Thanks very much,
>
> Tom Armitage
>
> **********************
> Thomas Armitage Ph.D.
> Designated Federal Officer
> EPA Science Advisory Board Office
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> 202-564-2155 (phone/voice mail)
> 202-565-2098 (fax)
> armitage.thomas@epa.gov








From: Emma Rosi-Marshall
To: Harvey, Judson
Cc: Fausch,Kurt; Armitage, Thomas; Amanda D. Rodewald
Subject: Re: Draft revision
Date: Wednesday, May 07, 2014 8:38:22 PM
Attachments: SAB EPA Connectivity Report Section 7 May 2014 ERM.docx


Dear Jud and Kurt, 
Thanks so much for your comments, edits, and additional citations.  I have accepted the
 changes you made and addressed some of your comments.  Have a look and let me know if
 this is now okay.  I have left additional references in the comments and once I hear from you,
 I will send this along to Tom. 


Thanks again!
Emma


Emma J. Rosi-Marshall
Associate Scientist
Cary Institute of Ecosystem Studies
2801 Sharon Turnpike AB
Millbrook, NY 12545
845-677-7600 ext 232


http://www.caryinstitute.org/science-program/our-scientists/dr-emma-j-rosi-marshall


On Tue, May 6, 2014 at 8:08 AM, Harvey, Judson <jwharvey@usgs.gov> wrote:
Hi Emma and Kurt,


I read through the draft again and found it to be in good shape.  It is improved with Emma's
 edits based on group comments and Kurt's addition of more biological references.  I am
 returning it with some comments as described below.


 In rereading I was unsatisfied with the references for ephemeral and intermittent streams
 and so I located two excellent review articles.  These references are added and full citations
 are given in a comment on page 4.  These two new references should probably also be cited
 in the review's summary in addition to being cited here in section 3.3. 


In reading this I am remindedagain  that we are asking EPA for an awful lot of revisions on
 material related to perennial streams.  Our comments are pertinent, and we do speak to
 ephemeral and intermittent streams and variable source areas, however I do wish we had
 focused even more on those latter areas. Ah, hindsight ! Fortunately I think that the overall
 summary provides additoinal focus for ephemeral and intermittent streams and variable
 source areas, so all is good. 


Best wishes,
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams	





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an extensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. 





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and off-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow paths) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas). The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion is also needed of the geomorphological control of soil moisture and patch diversity that impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss both sediments and sediment-bound contaminants and their downstream movement and effects on downstream waters. 	Comment by Kurt Fausch: Is this where you included info and references that Ken Kolm put in the final section that we removed?	Comment by Emma Rosi-Marshall: Yes.  This is where I put it.  Okay?





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus) such as contaminants, and to also consider nutrient and contaminant transformation processes and the effect of these processes on downstream water quality, if known. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, sediments, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.	Comment by Kurt Fausch: Include mention of sediment in the Recommendations here too?





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. Upslope factors affect the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature and downstream connectivity. The SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics (Callahan et al. In Press). In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity and vice versa.	Comment by Mark Rains: Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity and vice versa. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity  	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.








The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. Connections that are highly variable in time can also be important to biota, and influence the biological integrity of downstream waters, such as when fish or amphibians breed in habitats that are dry most of the year or for several years.  The timescale of these temporally variable connections (i.e. connected at certain times) could range from seasons, years, decades to centuries.  In addition, some aspects of connectivity occur over relatively short times frames and are highly stochastic but can be represent important connections to downstream ecosystems.  For example, major erosion or woody debris fluxes that occur infrequently during high runoff events may represent major sources of sediments or large wood to downstream ecosystems. 





The SAB finds that Chapter 4 would benefit from a separate section on this topic. The SAB recommends that the report characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) that explicitly connect these ecosystems to downstream waters.  For example, the report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. Moreover, the SAB emphasizes that the report should explore the effect of short duration connections on downstream ecosystems. The report would benefit from a discussion of how even short duration and highly episodic flow connections can be important to downstream ecosystems. 





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration high flows and longer duration periods of dry conditions and the effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the natural temporal dimensions of connectivity (e.g., water withdrawal or augmentation can alter the timing a during of flow). Overall, the SAB recommends that report include a clear discussion how intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the consequences of these connections for physical, chemical, and biological integrity. 





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of time-varying flow connections: McDonough et al., 2011; Levick et al., 2008; Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Windows User: Levick, L.R. and others (2008) The Ecological and Hydrological 
Significance of Ephemeral and 
Intermittent Streams in the Arid and 
Semi-arid American Southwest , EPA/600/R-08/134 ARS/233046, 
November 2008

McDonough, O.T., Hosen, J.D., and M.A. Palmer (2011) The hydrology, geography, and ecology of non-perennially flowing waters, in “River Ecosystems: Dynamics, Management and Conservation, Elliot, H.S., and Martin, L.E. (Eds.), NOVA Science Publishers, ISBN: 978-1-61209-145-7, 2011.






Recommendations





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment, downstream water quality, and biological integrity. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout aquatic and riparian systems (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles (e.g., Fausch et al. 2002; Kanno et al. 2014).	Comment by Kurt Fausch: Kanno, Y., B.H. Letcher, J.A. Coombs, K.H. Nislow, and A.R. Whiteley. 2014. Linking movement and reproductive history of brook trout to assess habitat connectivity in a heterogeneous stream network. Freshwater Biology 59(1): 142-154.



·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters (Falke et al. 2010).


·    These mobile species include many different taxa, even within fish, and  encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed, or the connections are lost (e.g., owing to constructed barriers; e.g., Fausch and Bestgen 1997). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts (Vaughn 2012; Schwalb et al. 2013).	Comment by Kurt Fausch: Vaughn, C. C. 2012.  Life history traits and abundance can predict local colonisation and extinction rates of freshwater mussels. FRESHWATER BIOLOGY  57 : 982-992. 


Schwalb, A. N., T. J. Morris, N. E. Mandrak, and K. Cottenie.  2013.  Distribution of unionid freshwater mussels depends on the distribution of host ﬁshes on a regional scale.  Diversity and Distributions 19: 446–454.





Recommendation





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the current version of the report generally excluded the many studies that have been conducted in human-modified stream ecosystems.  The SAB agreed that there are many insights to be gained about the importance of connectivity to downstream waters, either when connections are severed or enhanced. Including additional information from this large area of research will provide more examples of the importance of connectivity, and the SAB agreed that human-modified systems should not be excluded from the report. 	Comment by Allan: (Allan) Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.





The SAB recommends that writers of the report consider including examples from at least some of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low-head dams, grade control structures, stream restoration, accelerated erosion, sediment transport and storage, stream restoration, and effluent dominated streams. 





The following references (and others that are similar) could be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005).





Recommendations





· The draft Report should be revised to include information about the consequences of human alteration of headwater systems on their connectivity and concomitant effects on the water quantity and quality and biota of downstream ecosystems. These revisions could, for example, include discussion of some of these topics listed above.





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams on their connectivity to downstream waters. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical approaches. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the just the SPARROW model (SPAtially Referenced Regressions On Watershed attributes) and encompass the numerous modeling and empirical approaches that have been used.  In addition, the report could draw on examples from literature that investigates the movement of sediments through watershed for examining aggregate and cumulative effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 	Comment by Kurt Fausch: Do some of Kolm’s references on sediment go here also?	Comment by Emma Rosi-Marshall: He did not actually provide references, just that sediments should be included.  Not sure if it makes sense to include here or not. 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8	Expanding the Discussion to Emphasize the Importance of Connections to the Broader Riverine Landscape  





The report focuses primarily on the connections among components of the aquatic system, including not only hydrologic connections but also those made by organisms that walk, crawl, or fly between water bodies.  However, the SAB commented that the physical, chemical, and biological integrity of downstream waters also depends on the presence of intact headwaters, and the integrity of these headwater ecosystems depends on critical connections between streams and the broader riverine landscape.  Given this, the SAB felt that more emphasis could be placed on the importance of these connections to the integrity of downstream waters.  





For example, the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function, but include effects of inputs of leaf litter and terrestrial insects on downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature. These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.





The SAB also recommends adding information to address the importance of food-web connections from riparian zones to streams that support aquatic organisms.  Organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. Following are key points that should be included:





1) Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply essential carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals (e.g., Wallace et al. 1997; Baxter et al. 2005). 	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  





2) Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators (e.g., Nakano and Murakami 2001; Wipfli and Baxter 2010).





3) These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters.  Data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections between streams and riparian zones (Fausch et al. 2010). 





Overall, these food webs integrate key connections across aquatic and terrestrial landscapes and therefore provide a useful framework through which to view the role of riverine landscapes in connectivity among aquatic ecosystems.





Recommendations 





· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





· The SAB recommends adding information to the Report to document the importance of reciprocal food-web connections between riparian zones and streams on the integrity of the ecosystems that are connected to downstream waters


 


3.3.10.	Clarifying How Case Studies Were Selected  





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report. 





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report could contain a case study that illustrates the downstream effects of human-modified systems. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples. 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams, including streams with evaporative losses, and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral and intermittent streams to downstream waters. In addition, as previously discussed, even ephemeral and intermittent streams and short duration surface water connections in source water areas may have substantial effects on the chemical and biological integrity of downstream waters. 





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012), Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004, Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy) Osterkamp, W. R., L. J. Lane, and C. S. Savard. "RECHARGE ESTIMATES USING A GEOMORPHIC/ DISTRIBUTED‐ PARAMETER SIMULATION APPROACH, AMARGOSA RWER BASIN1." JAWRA Journal of the American Water Resources Association 30, no. 3 (1994): 493-507.

Graf, W. L. (1988). Fluvial processes in dryland rivers (Vol. 3). New York: Springer.

Goodrich, D. C., Williams, D. G., Unkrich, C. L., Hogan, J. F., Scott, R. L., Hultine, K. R., ... & Miller, S. (2004). Comparison of methods to estimate ephemeral channel recharge, Walnut Gulch, San Pedro River basin, Arizona. Water Science and Application, 9, 77-99.	Comment by Murphy: (Murphy) Hernandez, M., Miller, S. N., Goodrich, D. C., Goff, B. F., Kepner, W. G., Edmonds, C. M., & Jones, K. B. (2000). Modeling runoff response to land cover and rainfall spatial variability in semi-arid watersheds. In Monitoring Ecological Condition in the Western United States (pp. 285-298). Springer Netherlands.

Stratton, B. T., Sridhar, V., Gribb, M. M., McNamara, J. P., & Narasimhan, B. (2009). Modeling the Spatially Varying Water Balance Processes in a Semiarid Mountainous Watershed of Idaho1. JAWRA Journal of the American Water Resources Association, 45(6), 1390-1408.





Recommendations





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 (e.g. for subsections on temperature, chemical, and biological connections). In particular, the SAB recommends that the Report contain a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams to downstream waters.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 












Jud


On Mon, May 5, 2014 at 4:33 PM, Emma Rosi-Marshall <rosimarshalle@caryinstitute.org>
 wrote:


Dear Jud and Kurt, 
In the EPA SAB conference call last week we discussed revisions to our section of the
 SAB report.  After discussions with Kurt, I have incorporated those discussions and
 redrafted our section.  Jud I believe that you were not on the call, so your fresh eyes on
 this will be welcome.  Kurt, I look forward to your comments on how well this hangs
 together now.  Please let me know what you think of this new draft of our section.  I left
 in comments that included either reference to other sections or citations.  I tried to
 incorporate the rest of the comments. 


Thanks, 
Emma


Emma J. Rosi-Marshall
Associate Scientist
Cary Institute of Ecosystem Studies
2801 Sharon Turnpike AB
Millbrook, NY 12545
845-677-7600 ext 232


http://www.caryinstitute.org/science-program/our-scientists/dr-emma-j-rosi-marshall


-- 
Jud Harvey
USGS
430 National Center
Reston, VA 20192
703-648-5876
https://profile.usgs.gov/jwharvey 



mailto:rosimarshalle@caryinstitute.org

tel:845-677-7600%20ext%20232

http://www.caryinstitute.org/science-program/our-scientists/dr-emma-j-rosi-marshall

tel:703-648-5876

https://profile.usgs.gov/jwharvey/






From: Amanda D. Rodewald
To: Armitage, Thomas; Goodman, Iris
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Tuesday, May 13, 2014 3:52:31 PM


Hi Tom,


Did you receive the citations/info from others related to Action Item 6?  If you can forward to me, then I can get
 started on it.  Thanks!


Best,
Amanda


> On May 10, 2014, at 10:18 AM, "Amanda D. Rodewald" <arodewald@cornell.edu> wrote:
>
> Hi Mark,
>
> I am happy to bring together the material/references shared by the others (and you, if you'd like) and then send the
 new text to you for revision.  Does that work?  I realize that you have a lot on your plate - with these revisions, but
 also with all of your other responsibilities and commitments.  We really appreciate your efforts.  Please do let us
 know how we can help if it gets to be too much.
>
> Thanks, Mark!
>
> Best,
> Amanda
>
> Amanda D. Rodewald, Ph.D.
>
> Director of Conservation Science, Cornell Lab of Ornithology Associate
> Professor, Department of Natural Resources Robert F. Schumann Faculty
> Fellow Cornell University
> 159 Sapsucker Woods Rd.
> Ithaca, NY 14850
> Phone: 607-254-2176
> Fax: 607-254-2104
> Email:  arodewald@cornell.edu
> http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
> http://www.birds.cornell.edu/
>
>
>
>
>
> -----Original Message-----
> From: Rains, Mark [mailto:mrains@usf.edu]
> Sent: Saturday, May 10, 2014 7:56 AM
> To: Armitage, Thomas
> Cc: Amanda D. Rodewald; Goodman, Iris
> Subject: RE: List of assignments for revision of SAB Connectivity
> Panel Report
>
> Action item #6 is a huge undertaking unto itself. Am I starting it with Amanda adding to it? Or is Amanda
 handling it herself?



mailto:arodewald@cornell.edu

mailto:Armitage.Thomas@epa.gov

mailto:Goodman.Iris@epa.gov

http://dnr.cornell.edu/people/faculty.cfm?netId=adr79

http://www.birds.cornell.edu/

mailto:mrains@usf.edu





>
> ________________________________________
> From: Armitage, Thomas [Armitage.Thomas@epa.gov]
> Sent: Friday, May 09, 2014 12:57 PM
> To: Rains, Mark
> Cc: adr79@cornell.edu; Goodman, Iris
> Subject: List of assignments for revision of SAB Connectivity Panel
> Report
>
> Hi Mark,
>
> Attached please find a list of your action items for revision of the SAB Connectivity Panel's report.  These are
 based on my notes from the two teleconferences last week.  If possible, I would like to receive your revisions for
 Section 3.2 by Monday, May 19th .   I have also attached the word file of the 4/23/14 markup draft.
>
> I have scheduled a call for you and Mark Murphy to talk on Tuesday (5/13) at 1:00 pm eastern time, call in
 number 1-866-299-3188, conference code 2023439995#.
>
> I will incorporate your revisions into next draft of the report which will be sent to the Panel for review and
 discussion on the June 19th conference call.  Please feel free to call me if you have questions.   Thanks very much.
>
> Tom Armitage
>
> **********************
> Thomas Armitage Ph.D.
> Designated Federal Officer
> EPA Science Advisory Board Office
> 202-564-2155 (phone/voice mail)
> 202-565-2098 (fax)
> armitage.thomas@epa.gov
>
> Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue,
> N.W. Washington, D.C. 20460
>
> Office Location/Courier Address: USEPA Science Advisory Board, Ronald
> Reagan Building, 1300 Pennsylvania Avenue, N.W., Suite 31150,
> Washington, D.C.  20004
>
>
>
>
>








From: Amanda D. Rodewald
To: Rains, Mark; Armitage, Thomas
Cc: Goodman, Iris
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Saturday, May 10, 2014 10:18:33 AM


Hi Mark,


I am happy to bring together the material/references shared by the others (and you, if you'd like) and then send the
 new text to you for revision.  Does that work?  I realize that you have a lot on your plate - with these revisions, but
 also with all of your other responsibilities and commitments.  We really appreciate your efforts.  Please do let us
 know how we can help if it gets to be too much.


Thanks, Mark!


Best,
Amanda


Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/


-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu]
Sent: Saturday, May 10, 2014 7:56 AM
To: Armitage, Thomas
Cc: Amanda D. Rodewald; Goodman, Iris
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report


Action item #6 is a huge undertaking unto itself. Am I starting it with Amanda adding to it? Or is Amanda handling
 it herself?


________________________________________
From: Armitage, Thomas [Armitage.Thomas@epa.gov]
Sent: Friday, May 09, 2014 12:57 PM
To: Rains, Mark
Cc: adr79@cornell.edu; Goodman, Iris
Subject: List of assignments for revision of SAB Connectivity Panel Report


Hi Mark,
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Attached please find a list of your action items for revision of the SAB Connectivity Panel's report.  These are based
 on my notes from the two teleconferences last week.  If possible, I would like to receive your revisions for Section
 3.2 by Monday, May 19th .   I have also attached the word file of the 4/23/14 markup draft.


I have scheduled a call for you and Mark Murphy to talk on Tuesday (5/13) at 1:00 pm eastern time, call in number
 1-866-299-3188, conference code 2023439995#.


I will incorporate your revisions into next draft of the report which will be sent to the Panel for review and
 discussion on the June 19th conference call.  Please feel free to call me if you have questions.   Thanks very much.


Tom Armitage


**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004








From: Rains, Mark
To: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Saturday, May 10, 2014 7:55:59 AM


Action item #6 is a huge undertaking unto itself. Am I starting it with Amanda adding to it? Or is Amanda handling
 it herself?


________________________________________
From: Armitage, Thomas [Armitage.Thomas@epa.gov]
Sent: Friday, May 09, 2014 12:57 PM
To: Rains, Mark
Cc: adr79@cornell.edu; Goodman, Iris
Subject: List of assignments for revision of SAB Connectivity Panel Report


Hi Mark,


Attached please find a list of your action items for revision of the SAB Connectivity Panel’s report.  These are based
 on my notes from the two teleconferences last week.  If possible, I would like to receive your revisions for Section
 3.2 by Monday, May 19th .   I have also attached the word file of the 4/23/14 markup draft.


I have scheduled a call for you and Mark Murphy to talk on Tuesday (5/13) at 1:00 pm eastern time, call in number
 1-866-299-3188, conference code 2023439995#.


I will incorporate your revisions into next draft of the report which will be sent to the Panel for review and
 discussion on the June 19th conference call.  Please feel free to call me if you have questions.   Thanks very much.


Tom Armitage


**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: Mazeika Sullivan
Cc: Amanda Rodewald; Goodman, Iris
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Thursday, May 15, 2014 4:16:00 PM


Hi Mazeika,
 
Thanks for your reply.  I spoke with Amanda this afternoon. If you have any additional references on
 connectivity metrics it would be helpful if you could send them to her.  I think she is planning to
 work on this over the weekend.
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
From:  [mailto:  On Behalf Of Mazeika Sullivan
Sent: Thursday, May 15, 2014 2:18 PM
To: Armitage, Thomas
Cc: Amanda Rodewald
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
 
Hi Tom - 
 
Thanks for your follow-up phone message.  I've been working on the assigned points over the
 last few days and am getting pretty close.  I was planning on getting you the material by the
 19th as requested, but a couple extra days might be very useful so I can better coordinate
 responses with Siobhan, as well as get additional feedback from my subgroup members.  I'll
 be talking with Siobhan tomorrow and should have a better sense of where we stand after that
 conservation.  
 
Relative to the "connectivity metrics" assignment, I had suggested to the Panel we might want
 to consider relative "predictability" as an additional metric of connectivity, and took the
 related assignment item as a request to write some brief text and provide references on that
 idea.  I was planning on including this text and associated references along with my
 responses, but certainly if there are additional ways I can assist Amanda with broader
 text/references of metrics, please let me know. (As I've been reading in the literature relative
 to predictability, other potential metrics seem equally as appropriate (e.g., timing, rate of
 change), but have not been included as part of the Panel's recommendations thus far either.)
 
Best,
Mazeika


(b) (6) (b) (6)
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---------------------------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432
 
http://go.osu.edu/mazeikasullivan
 


On Fri, May 9, 2014 at 1:27 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Hi Mazeika,
 
Attached please find a list of your action items for revision of the SAB Connectivity Panel’s
 report.  These are based on my notes from the two teleconferences last week.  If possible, I
 would like to receive the revisions for Sections 3.6 by Monday, May 19th .   I have also
 attached the word file of the 4/23/14 markup draft.
 
I will incorporate your revisions into next draft of the report which will be sent to the Panel
 for review and discussion on the June 19th conference call.  Please feel free to call me if
 you have questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: Ghurye, Ganesh L
Subject: RE: Live Webcast today
Date: Monday, April 28, 2014 12:06:00 PM


The teleconference is scheduled to begin at 1:00 p.m. Eastern Time and the link will be turned on at
 that time. 
 
Alternatively, please use the teleconference call-in number:
 
1-866-299-3188
Conference code: 2023439946#
 


From: Ghurye, Ganesh L [mailto:ganesh.l.ghurye@exxonmobil.com] 
Sent: Monday, April 28, 2014 12:03 PM
To: Armitage, Thomas
Subject: Live Webcast today
 
Hi Thomas,
 
I am trying to connect to the Audio webcast; unfortunately, I cannot do so.


Is there a call-in number/passcode for this telecon?
Thanks,
 
Ganesh L. Ghurye
Water Advisor
Environmental & Regulatory Group
Central SSH&E
Exxon Mobil Corporation
13501 Katy Freeway, Room L1-428, Houston, TX 77079
 
Phone: (281) 870 7716
ganesh.l.ghurye@exxonmobil.com
 



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

mailto:ganesh.l.ghurye@exxonmobil.com

mailto:ganesh.l.ghurye@exxonmobil.com






From: Ghurye, Ganesh L
To: Armitage, Thomas
Subject: RE: Live Webcast today
Date: Monday, April 28, 2014 12:06:40 PM


Thanks.
Ganesh L. Ghurye
Water Advisor
Environmental & Regulatory Group
Central SSH&E
Exxon Mobil Corporation
13501 Katy Freeway, Room L1-428, Houston, TX 77079
Phone: (281) 870 7716
ganesh.l.ghurye@exxonmobil.com


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Monday, April 28, 2014 11:06 AM
To: Ghurye, Ganesh L
Subject: RE: Live Webcast today
The teleconference is scheduled to begin at 1:00 p.m. Eastern Time and the link will be turned on at
 that time.
Alternatively, please use the teleconference call-in number:
1-866-299-3188
Conference code: 2023439946#


From: Ghurye, Ganesh L [mailto:ganesh.l.ghurye@exxonmobil.com] 
Sent: Monday, April 28, 2014 12:03 PM
To: Armitage, Thomas
Subject: Live Webcast today
Hi Thomas,
I am trying to connect to the Audio webcast; unfortunately, I cannot do so.


Is there a call-in number/passcode for this telecon?
Thanks,
Ganesh L. Ghurye
Water Advisor
Environmental & Regulatory Group
Central SSH&E
Exxon Mobil Corporation
13501 Katy Freeway, Room L1-428, Houston, TX 77079
Phone: (281) 870 7716
ganesh.l.ghurye@exxonmobil.com
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From: Armitage, Thomas
To: Rains, Mark
Cc: Goodman, Iris; "Amanda D. Rodewald"
Subject: RE: Mark Murphy
Date: Wednesday, April 30, 2014 10:08:00 AM


Hi Mark,


Please let me know when you would like to talk with Mark Murphy and I will contact him to set up a call.  I would
 like to have a DFO (Iris or me) on the call to listen.  I suggest waiting until after the Panel's teleconference on
 Friday.  Thanks.


Tom Armitage


**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004


-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu]
Sent: Tuesday, April 29, 2014 10:12 AM
To: 'Amanda D. Rodewald'
Cc: Armitage, Thomas; Goodman, Iris
Subject: Mark Murphy


Can you guys put me in touch with Mark Murphy? I'd like to talk to him about how we can most efficiently
 incorporate his material into our revised section. Thanks!
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From: Rains, Mark
To: Armitage, Thomas
Cc: Goodman, Iris; "Amanda D. Rodewald"
Subject: RE: Mark Murphy
Date: Wednesday, April 30, 2014 10:25:54 AM


We're in finals week now, so next week or the week after are pretty good. I'm generally available 8am-3pm ET and
 again 4pm-6pm. The only exception is Monday, May 5 -- I'll be in a faculty meeting all afternoon that day.


-----Original Message-----
From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov]
Sent: Wednesday, April 30, 2014 10:09 AM
To: Rains, Mark
Cc: Goodman, Iris; 'Amanda D. Rodewald'
Subject: RE: Mark Murphy


Hi Mark,


Please let me know when you would like to talk with Mark Murphy and I will contact him to set up a call.  I would
 like to have a DFO (Iris or me) on the call to listen.  I suggest waiting until after the Panel's teleconference on
 Friday.  Thanks.


Tom Armitage


**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004


-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu]
Sent: Tuesday, April 29, 2014 10:12 AM
To: 'Amanda D. Rodewald'
Cc: Armitage, Thomas; Goodman, Iris
Subject: Mark Murphy


Can you guys put me in touch with Mark Murphy? I'd like to talk to him about how we can most efficiently
 incorporate his material into our revised section. Thanks!
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From: Armitage, Thomas
To: Stanford, Jack
Subject: RE: Material for the SAB Connectivity Panel teleconferences on Monday, April 28th and Friday May 2nd
Date: Monday, April 28, 2014 1:19:00 PM


Jack,
The call is in progress,
Please call the conference number 1-866-299-3188 and enter the conference code 2023439995#


From: Stanford, Jack [mailto:jack.stanford@flbs.umt.edu] 
Sent: Monday, April 28, 2014 1:14 PM
To: Armitage, Thomas
Subject: RE: Material for the SAB Connectivity Panel teleconferences on Monday, April 28th and
 Friday May 2nd
I am on hold waiting for the conference to start….. is this a go?
From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Thursday, April 24, 2014 2:51 AM
Cc: adr79@cornell.edu; Goodman, Iris; Brennan, Thomas
Subject: Material for the SAB Connectivity Panel teleconferences on Monday, April 28th and Friday May
 2nd
Dear Panel Members,
I would like to remind you that SAB Connectivity Panel teleconferences will be held next week on
 Monday, April 28th and Friday, May 2nd. Both of the calls will be held from 1:00 - 5:00 p.m.
 (Eastern Time). The purpose of the calls is to discuss the Panel's draft report and reach agreement
 on any changes needed. To access the teleconferences, please call the conference number 1-866-
299-3188 and enter the following conference code at the prompt: 2023439995# .
The following material is attached for the teleconferences.
1. The teleconference agenda.
2. A markup version of the Committee's draft report (dated 4/23/14) showing the edits and
 comments provided by Panel members. (I have attached both a Word file and PDF of the draft). The
 comment field contains specific comments from panel members and also identifies those who
 suggested text changes
3. A list of Panel members' general comments on sections of the draft report. Specific comments and
 edits have been incorporated into the markup version of the report
When discussing the report on the calls, please refer to the page and line numbers in the PDF file of
 the 4/23/14 markup draft of the report.
I will also be sending you any additional public comments that are submitted for your consideration.
 Please feel free to contact me if you have questions, I look forward to talking with you at 1:00 p.m.
 Eastern Time on Monday.
Regards,
Tom Armitage
***********************************************************
Thomas Armitage, Ph.D.
Designated Federal Officer
EPA Science Advisory Board Staff Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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Regular mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Ave., N.W., Washington,
 D.C. 20460


Office location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C. 20004








From: Stanford, Jack
To: Armitage, Thomas
Subject: RE: Material for the SAB Connectivity Panel teleconferences on Monday, April 28th and Friday May 2nd
Date: Monday, April 28, 2014 1:13:41 PM


I am on hold waiting for the conference to start….. is this a go?
 
From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Thursday, April 24, 2014 2:51 AM
Cc: adr79@cornell.edu; Goodman, Iris; Brennan, Thomas
Subject: Material for the SAB Connectivity Panel teleconferences on Monday, April 28th and Friday May
 2nd
 
Dear Panel Members,
 
I would like to remind you that SAB Connectivity Panel teleconferences will be held next week on
 Monday, April 28th and Friday, May 2nd.  Both of the calls will be held from 1:00 - 5:00 p.m.
 (Eastern Time). The purpose of the calls is to discuss the Panel's draft report and reach agreement
 on any changes needed.  To access the teleconferences, please call the conference number 1-866-
299-3188 and enter the following conference code at the prompt: 2023439995# .
 
The following material is attached for the teleconferences.
 
1.  The teleconference agenda.
 
2.  A markup version of the Committee's draft report (dated 4/23/14) showing the edits and
 comments provided by Panel members. (I have attached both a Word file and PDF of the draft).  The
 comment field contains specific comments from panel members and also identifies those who
 suggested text changes
 
3.  A  list of Panel members' general comments on sections of the draft report.  Specific comments
 and edits have been incorporated into the markup version of the report 
 
When discussing the report on the calls, please refer to the page and line numbers in the PDF file of
 the 4/23/14 markup draft of the report.
 
I will also be sending you any additional public comments that are submitted for your consideration. 
 Please feel free to contact me if you have questions, I look forward to talking with you at 1:00 p.m.
 Eastern Time on Monday.
 
Regards,
 
Tom Armitage
 
***********************************************************
Thomas Armitage, Ph.D.
Designated Federal Officer
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EPA Science Advisory Board Staff Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Regular mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Ave., N.W.,  Washington,
 D.C.  20460


Office location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Stanford, Jack
To: Armitage, Thomas
Subject: RE: Material for the SAB Connectivity Panel teleconferences on Monday, April 28th and Friday May 2nd
Date: Monday, April 28, 2014 1:22:43 PM


Ok a redial worked. I am on the call now. 
 
From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Monday, April 28, 2014 11:20 AM
To: Stanford, Jack
Subject: RE: Material for the SAB Connectivity Panel teleconferences on Monday, April 28th and Friday
 May 2nd
 
Jack,
 
 
The call is in progress,
 
Please call the conference number 1-866-299-3188 and enter the conference code 2023439995#
 


From: Stanford, Jack [mailto:jack.stanford@flbs.umt.edu] 
Sent: Monday, April 28, 2014 1:14 PM
To: Armitage, Thomas
Subject: RE: Material for the SAB Connectivity Panel teleconferences on Monday, April 28th and
 Friday May 2nd
 
I am on hold waiting for the conference to start….. is this a go?
 
From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Thursday, April 24, 2014 2:51 AM
Cc: adr79@cornell.edu; Goodman, Iris; Brennan, Thomas
Subject: Material for the SAB Connectivity Panel teleconferences on Monday, April 28th and Friday May
 2nd
 
Dear Panel Members,
 
I would like to remind you that SAB Connectivity Panel teleconferences will be held next week on
 Monday, April 28th and Friday, May 2nd.  Both of the calls will be held from 1:00 - 5:00 p.m.
 (Eastern Time). The purpose of the calls is to discuss the Panel's draft report and reach agreement
 on any changes needed.  To access the teleconferences, please call the conference number 1-866-
299-3188 and enter the following conference code at the prompt: 2023439995# .
 
The following material is attached for the teleconferences.
 
1.  The teleconference agenda.
 
2.  A markup version of the Committee's draft report (dated 4/23/14) showing the edits and
 comments provided by Panel members. (I have attached both a Word file and PDF of the draft).  The
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 comment field contains specific comments from panel members and also identifies those who
 suggested text changes
 
3.  A  list of Panel members' general comments on sections of the draft report.  Specific comments
 and edits have been incorporated into the markup version of the report 
 
When discussing the report on the calls, please refer to the page and line numbers in the PDF file of
 the 4/23/14 markup draft of the report.
 
I will also be sending you any additional public comments that are submitted for your consideration. 
 Please feel free to contact me if you have questions, I look forward to talking with you at 1:00 p.m.
 Eastern Time on Monday.
 
Regards,
 
Tom Armitage
 
***********************************************************
Thomas Armitage, Ph.D.
Designated Federal Officer
EPA Science Advisory Board Staff Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Regular mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Ave., N.W.,  Washington,
 D.C.  20460


Office location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: Thomas Repp
Subject: RE: Meeting Minutes - Panel for the Review of the EPA Water Body Connectivity Report
Date: Monday, May 19, 2014 5:04:00 PM


Dear Mr. Repp,
 


The minutes of the April 28th and May 2nd  public teleconferences of the SAB Connectivity Panel will
 be posted on the meeting webpage at the following URL after they are certified by the Panel chair.
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
 
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 


From: Thomas Repp [mailto:trepp@douglas.co.us] 
Sent: Monday, May 19, 2014 4:50 PM
To: Armitage, Thomas
Subject: Meeting Minutes - Panel for the Review of the EPA Water Body Connectivity Report
 
Dr. Armitage –
 
When the minutes are available on the two recent public meetings Panel for the Review of the EPA
 Water Body Connectivity Report, can you send me the links?
 
Thanks
 
Tom R. Repp, P.E. | Stormwater Management Engineer
Douglas County Department of Public Works Engineering
Engineering Services
Address | 100 Third St., Castle Rock, CO 80104



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

mailto:trepp@douglas.co.us

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?OpenDocument

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?OpenDocument





Main | 303-660-7490
Email | trepp@douglas.co.us
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From: Armitage, Thomas
To: Emma Rosi-Marshall
Cc: Harvey, Judson; Fausch,Kurt; adr79@cornell.edu
Subject: RE: New draft of section 3.3 of the SAB connectivity report
Date: Thursday, May 08, 2014 10:24:00 AM
Attachments: SAB EPA Connectivity Report Section 3.3 8May2014 ERM.DOCX


Emma,
 
Thanks very much for sending the revised section.  
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
From: Emma Rosi-Marshall [mailto:rosimarshalle@caryinstitute.org] 
Sent: Thursday, May 08, 2014 8:39 AM
To: Armitage, Thomas; Harvey, Judson; Fausch,Kurt
Subject: New draft of section 3.3 of the SAB connectivity report
 
Dear Tom,
I have worked with my group (Drs. Fausch and Harvey) to draft a revised section of the report
 (see attached).  This version incorporates both the written comments and those discussed in
 our conference call last week.  I have left citations in comments as those need to be added to
 the citations at the end of the report. 


Thank you and let me know if you need anything else from me (or my group).
Sincerely, 
Emma Rosi-Marshall


Emma J. Rosi-Marshall
Associate Scientist
Cary Institute of Ecosystem Studies
2801 Sharon Turnpike AB
Millbrook, NY 12545
845-677-7600 ext 232


http://www.caryinstitute.org/science-program/our-scientists/dr-emma-j-rosi-marshall
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams	





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an extensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. 





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and off-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow paths) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas). The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion is also needed of the geomorphological control of soil moisture and patch diversity that impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss both sediments and sediment-bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus) such as contaminants, and to also consider nutrient and contaminant transformation processes and the effect of these processes on downstream water quality, if known. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, sediments, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. Upslope factors affect the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature and downstream connectivity. The SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics (Callahan et al. In Press). In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity and vice versa.	Comment by Mark Rains: Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity and vice versa. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity  	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.








The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. Connections that are highly variable in time can also be important to biota, and influence the biological integrity of downstream waters, such as when fish or amphibians breed in habitats that are dry most of the year or for several years.  The timescale of these temporally variable connections (i.e. connected at certain times) could range from seasons, years, decades to centuries.  In addition, some aspects of connectivity occur over relatively short times frames and are highly stochastic but can be represent important connections to downstream ecosystems.  For example, major erosion or woody debris fluxes that occur infrequently during high runoff events may represent major sources of sediments or large wood to downstream ecosystems. 





The SAB finds that Chapter 4 would benefit from a separate section on this topic. The SAB recommends that the report characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) that explicitly connect these ecosystems to downstream waters.  For example, the report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. Moreover, the SAB emphasizes that the report should explore the effect of short duration connections on downstream ecosystems. The report would benefit from a discussion of how even short duration and highly episodic flow connections can be important to downstream ecosystems. 





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration high flows and longer duration periods of dry conditions and the effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the natural temporal dimensions of connectivity (e.g., water withdrawal or augmentation can alter the timing a during of flow). Overall, the SAB recommends that report include a clear discussion how intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the consequences of these connections for physical, chemical, and biological integrity. 





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of time-varying flow connections: McDonough et al., 2011; Levick et al., 2008; Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Windows User: Levick, L.R. and others (2008) The Ecological and Hydrological 
Significance of Ephemeral and 
Intermittent Streams in the Arid and 
Semi-arid American Southwest , EPA/600/R-08/134 ARS/233046, 
November 2008

McDonough, O.T., Hosen, J.D., and M.A. Palmer (2011) The hydrology, geography, and ecology of non-perennially flowing waters, in “River Ecosystems: Dynamics, Management and Conservation, Elliot, H.S., and Martin, L.E. (Eds.), NOVA Science Publishers, ISBN: 978-1-61209-145-7, 2011.






Recommendations





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment, downstream water quality, and biological integrity. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout aquatic and riparian systems (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles (e.g., Fausch et al. 2002; Kanno et al. 2014).	Comment by Kurt Fausch: Kanno, Y., B.H. Letcher, J.A. Coombs, K.H. Nislow, and A.R. Whiteley. 2014. Linking movement and reproductive history of brook trout to assess habitat connectivity in a heterogeneous stream network. Freshwater Biology 59(1): 142-154.



·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters (Falke et al. 2010).


·    These mobile species include many different taxa, even within fish, and  encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed, or the connections are lost (e.g., owing to constructed barriers; e.g., Fausch and Bestgen 1997). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts (Vaughn 2012; Schwalb et al. 2013).	Comment by Kurt Fausch: Vaughn, C. C. 2012.  Life history traits and abundance can predict local colonisation and extinction rates of freshwater mussels. FRESHWATER BIOLOGY  57 : 982-992. 


Schwalb, A. N., T. J. Morris, N. E. Mandrak, and K. Cottenie.  2013.  Distribution of unionid freshwater mussels depends on the distribution of host ﬁshes on a regional scale.  Diversity and Distributions 19: 446–454.





Recommendation





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the current version of the report generally excluded the many studies that have been conducted in human-modified stream ecosystems.  The SAB agreed that there are many insights to be gained about the importance of connectivity to downstream waters, either when connections are severed or enhanced. Including additional information from this large area of research will provide more examples of the importance of connectivity, and the SAB agreed that human-modified systems should not be excluded from the report. 	Comment by Allan: (Allan) Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.





The SAB recommends that writers of the report consider including examples from at least some of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low-head dams, grade control structures, stream restoration, accelerated erosion, sediment transport and storage, stream restoration, and effluent dominated streams. 





The following references (and others that are similar) could be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005).





Recommendations





· The draft Report should be revised to include information about the consequences of human alteration of headwater systems on their connectivity and concomitant effects on the water quantity and quality and biota of downstream ecosystems. These revisions could, for example, include discussion of some of these topics listed above.





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams on their connectivity to downstream waters. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical approaches. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the just the SPARROW model (SPAtially Referenced Regressions On Watershed attributes) and encompass the numerous modeling and empirical approaches that have been used.  In addition, the report could draw on examples from literature that investigates the movement of sediments through watershed for examining aggregate and cumulative effects on downstream waters. 





[bookmark: _GoBack]The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8	Expanding the Discussion to Emphasize the Importance of Connections to the Broader Riverine Landscape  





The report focuses primarily on the connections among components of the aquatic system, including not only hydrologic connections but also those made by organisms that walk, crawl, or fly between water bodies.  However, the SAB commented that the physical, chemical, and biological integrity of downstream waters also depends on the presence of intact headwaters, and the integrity of these headwater ecosystems depends on critical connections between streams and the broader riverine landscape.  Given this, the SAB felt that more emphasis could be placed on the importance of these connections to the integrity of downstream waters.  





For example, the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function, but include effects of inputs of leaf litter and terrestrial insects on downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature. These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.





The SAB also recommends adding information to address the importance of food-web connections from riparian zones to streams that support aquatic organisms.  Organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. Following are key points that should be included:





1) Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply essential carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals (e.g., Wallace et al. 1997; Baxter et al. 2005). 	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  





2) Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators (e.g., Nakano and Murakami 2001; Wipfli and Baxter 2010).





3) These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters.  Data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections between streams and riparian zones (Fausch et al. 2010). 





Overall, these food webs integrate key connections across aquatic and terrestrial landscapes and therefore provide a useful framework through which to view the role of riverine landscapes in connectivity among aquatic ecosystems.





Recommendations 





· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





· The SAB recommends adding information to the Report to document the importance of reciprocal food-web connections between riparian zones and streams on the integrity of the ecosystems that are connected to downstream waters


 


3.3.10.	Clarifying How Case Studies Were Selected  





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report. 





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report could contain a case study that illustrates the downstream effects of human-modified systems. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples. 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams, including streams with evaporative losses, and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral and intermittent streams to downstream waters. In addition, as previously discussed, even ephemeral and intermittent streams and short duration surface water connections in source water areas may have substantial effects on the chemical and biological integrity of downstream waters. 





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012), Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004, Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy) Osterkamp, W. R., L. J. Lane, and C. S. Savard. "RECHARGE ESTIMATES USING A GEOMORPHIC/ DISTRIBUTED‐ PARAMETER SIMULATION APPROACH, AMARGOSA RWER BASIN1." JAWRA Journal of the American Water Resources Association 30, no. 3 (1994): 493-507.

Graf, W. L. (1988). Fluvial processes in dryland rivers (Vol. 3). New York: Springer.

Goodrich, D. C., Williams, D. G., Unkrich, C. L., Hogan, J. F., Scott, R. L., Hultine, K. R., ... & Miller, S. (2004). Comparison of methods to estimate ephemeral channel recharge, Walnut Gulch, San Pedro River basin, Arizona. Water Science and Application, 9, 77-99.	Comment by Murphy: (Murphy) Hernandez, M., Miller, S. N., Goodrich, D. C., Goff, B. F., Kepner, W. G., Edmonds, C. M., & Jones, K. B. (2000). Modeling runoff response to land cover and rainfall spatial variability in semi-arid watersheds. In Monitoring Ecological Condition in the Western United States (pp. 285-298). Springer Netherlands.

Stratton, B. T., Sridhar, V., Gribb, M. M., McNamara, J. P., & Narasimhan, B. (2009). Modeling the Spatially Varying Water Balance Processes in a Semiarid Mountainous Watershed of Idaho1. JAWRA Journal of the American Water Resources Association, 45(6), 1390-1408.





Recommendations





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 (e.g. for subsections on temperature, chemical, and biological connections). In particular, the SAB recommends that the Report contain a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams to downstream waters.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 
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From: Latif Kalin
To: Rains, Mark; Kenneth Kolm; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas; Goodman, Iris
Subject: RE: Next Draft
Date: Sunday, May 18, 2014 4:55:41 PM
Attachments: SAB Connectivity Panel Draft Report_4_23_14 (markup)_MCR (with Kalin edits).docx


Mark,
I think you did an excellent job. I have very few minor edits and some comments. I worked on your version with
 track changes. See attached.
Latif


-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu]
Sent: Friday, May 16, 2014 6:32 PM
To: Kenneth Kolm; Latif Kalin; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas (Armitage.Thomas@epa.gov); Iris Goodman
Subject: RE: Next Draft


Attached, you'll find the following:


1. The revised SAB report. I only made revisions to our section, delineating where I started and stopped with notes
 in the margin that say "Rains started/stopped review and revision here." I made all changes permanent, because
 decisions needed to be made about the suggested revisions and it was all getting too difficult to read anyway.
2. New references added during this revision.
3. Our action items. I've made revisions based upon all of these, except one. The one I haven't made revisions based
 upon is the one on metrics. (I've highlighted it with a marginal note.) Amanda graciously offered to collect
 contributions from other panel members, to make first pass at that section, and then to pass the revised section to us
 for review. (Ken, I forwarded your contributions to her.)


Tomorrow, I'm in the field near Sacramento and then driving to Portland. After that, I'll be at JASM, where I have a
 ton of responsibilities. Still, I'll be checking email and will do my best to make all of your suggested revisions
 before the deadline COB Monday.


________________________________________
From: Rains, Mark
Sent: Tuesday, May 13, 2014 2:53 PM
To: Kenneth Kolm; Latif Kalin; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas (Armitage.Thomas@epa.gov); Iris Goodman
Subject: Next Draft


Ken, Latif, Judy,


I received action items from Tom, Iris, and Amanda. There is quite a bit there. Amanda has offered to help us hit our
 deadline, especially in getting promised contributions from others on the panel. I also had a really productive
 conversation with Mark Murphy, who had already provided some written material following our recent conference
 calls. I think I can make quite a lot of progress toward our action items, especially with Amanda's and Mark's help.
 However, I'm likely to be very close to our deadline, which is May 19. I'm writing to see if you can hold some time
 around that deadline so you can receive and comment quickly on that draft before Tom, Iris, and Amanda have to
 incorporate it into the revised draft in advance of our next conference call.


Thanks.


Mark
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This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitu	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?


· de, and consequences of those connections. 





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. 	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on material flows generated by fauna, particularly avian fauna.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab


ii





v








U.S. Environmental Protection Agency


Science Advisory Board


Panel for the Review of the EPA Water Body Connectivity Report





CHAIR


Dr. Amanda Rodewald, Director of Conservation Science, Cornell Lab of Ornithology and Associate Professor, Department of Natural Resources, Cornell University, Ithaca, NY





MEMBERS


Dr. Allison Aldous, Freshwater Scientist, The Nature Conservancy, Portland, OR





Dr. Genevieve Ali, Junior Chair, Manitoba's Watershed Systems Research Program, Department of Geological Sciences, University of Manitoba, Winnipeg, MB, Canada





Dr. J. David Allan, Professor, School of Natural Resources & Environment, University of Michigan, Ann Arbor, MI





Dr. Lee Benda, Research Geomorphologist, Earth Systems Institute, Mt. Shasta, CA





Dr. Emily S. Bernhardt, Associate Professor of Biogeochemistry, Department of Biology, Duke University, Durham, NC





Dr. Robert P. Brooks, Professor of Geography and Ecology, Department of Geography, Pennsylvania State University, University Park, PA





Dr. Kurt Fausch, Professor, Department of FisheryFish and Wildlife and Conservation Biology, Colorado State University, Fort Collins, CO





Dr. Siobhan Fennessy, Jordan Professor of Environmental Science, Biology Department, Kenyon College, Gambier, OH





Dr. Michael Gooseff, Associate Professor, Department of Civil and Environmental Engineering, Colorado State University, Fort Collins, CO





Dr. Judson Harvey, Research Hydrologist, National Research Program, U.S. Geological Survey, Reston, VA





Dr. Charles Hawkins[footnoteRef:2], Professor, Department of Watershed Sciences, and Director, Western Center for Monitoring and Assessment of Freshwater Ecosystems, Quinney College of Natural Resources, Utah State University, Logan, UT [2:  Resigned from the Panel in March, 2014] 






Dr. Lucinda Johnson, Center Director, Center for Water and the Environment, Natural Resources Research Institute, University of Minnesota Duluth, Duluth, MN





Dr. Michael Josselyn, Principal and Senior Scientist, Wetlands Research Associates, Inc., San Rafael, CA





Dr. Latif Kalin, Associate Professor, School of Forestry and Wildlife Sciences, Auburn University, Auburn, AL





Dr. Kenneth Kolm, President and Senior Hydrogeologist, Hydrologic Systems Analysis, LLC, Golden, CO





Dr. Judith L. Meyer, Professor Emeritus, Odum School of Ecology, University of Georgia, Lopez Island, WA





Dr. Mark Murphy, Principal Scientist, HassayamptaHassayampa Associates, Tucson, AZ	Comment by Murphy: (Murphy)





Dr. Duncan Patten, Director, Montana Water Center, and Research Professor, Hydroecology Research Program, Department of Land Resources and Environmental Sciences, Montana State University, Bozeman, MT





Dr. Mark Rains, Associate Professor of Ecohydrology, Department of GeologySchool of Geosciences, University of South Florida, Tampa, FL





Dr. Ramesh Reddy, Graduate Research Professor & Chair, Soil and Water Science Department, University of Florida, Gainesville, FL





Dr. Emma Rosi-Marshall, Associate Scientist, Cary Institute of Ecosystem Studies, Millbrook, NY





Dr. Jack Stanford, Jessie M. Bierman Professor of Ecology, Flathead Lake Biological Station, University of Montana, Polson, MT





Dr. Mazeika Sullivan, Assistant Professor, School of Environment & Natural Resources, The Ohio State University, Columbus, OH





Dr. Jennifer Tank, Galla Professor, Department of Biological Sciences, University of Notre Dame, Notre Dame, IN





Dr. Maurice Valett, Professor of Systems Ecology, Division of Biological Sciences, University of Montana, Missoula, MT





Dr. Ellen Wohl, Professor of Geology, Department of Geosciences, Warner College of Natural Resources, Colorado State University, Fort Collins, CO





SCIENCE ADVISORY BOARD STAFF


Dr. Thomas Armitage, Designated Federal Officer, U.S. Environmental Protection Agency, Washington, DC





Ms. Iris Goodman, Designated Federal Officer, U.S. Environmental Protection Agency, Washington, DC








Table of Contents





EXECUTIVE SUMMARY	1


INTRODUCTION	6


RESPONSES TO EPA’S CHARGE QUESTIONS	7


3.1.	Overall Clarity and Technical Accuracy of the Draft Report	7


3.2.	Conceptual Framework: An Integrated, Systems Perspective of                                       Watershed Structure	11


3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams	23


3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	31


3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain                Settings	36


3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	45


3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters                               and Wetlands	49


3.8.	Review of the Findings and Conclusions Concerning Non-floodplain    (“Unidirectional”) Waters and Wetlands	55


REFERENCES	60


APPENDIX A:  THE EPA’S CHARGE QUESTIONS	A-1


APPENDIX B:  TECHNICAL AND EDITORIAL CORRECTIONS FOR  THE FINDINGS AND CONCLUSIONS	B-1








[bookmark: _Toc58926855][bookmark: _Toc59252196][bookmark: _Toc65285546][bookmark: _Toc71962574][bookmark: _Toc72113549][bookmark: _Toc99930877][bookmark: _Toc260313039][bookmark: _Toc382414067][bookmark: _Toc385943122]EXECUTIVE SUMMARY	Comment by Murphy: (Murphy) I haven’t edited the ES and Introduction since they might need a complete overhaul. This said, I found these two parts of the report very well written, reflective of the group concensus, and without much need of change. Id like to see the rest of the report brought up to the same level of clarity.	Comment by Johnson: (Johnson) Have we sufficiently addressed the role of humans in changing / exacerbating natural disturbance regimes and the subsequent impact on connectivity?  E.g., drought impacts on connectivity are exacerbated by water extraction; wetland drainage, channelization,	Comment by Josselyn: (Josselyn) See comments on the executive summary that are included in the Panel’s general comments.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for Unidirectional Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and “geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birds is important as they spatially integrate these wetlands through their movements. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) a wishy washy statement.... too all inclusive which brings us back to the concept of  "sufficiently long time scale".... what does that mean or imply? 





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc385943123]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There must be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on downstream water quality. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB finds that the literature review in Chapter 3 of the Report is technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, the conceptual framework needs to be revised and clearly articulated at the beginning of the Chapter. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 





3.2.1.	Defining Connectivity and Isolation





Because connectivity and isolation can be defined in many ways, the Report needs to define and concisely discuss what is meant by both “connectivity” and “isolation” at the beginning of Chapter 3. Currently, only connectivity is defined, and it is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





The definition of connectivity used in the Report seems to follow that of Pringle (2001; 2003), i.e., the transfer of matter, energy, and/or organisms within or between elements of the landscape. The Report should state that connectivity is a scalable quantity ranging continuously from fully connected to completely isolated, rather than a binary condition of connected or isolated. This could be expressed in a simple conceptual figure here, then again as more specific figures in each chapter on each water and wetland type covered in the Report. (See, for example, Figure 1 in Section 3.7.3 of this report for an example developed for waters and wetlands in non-riparian/non-floodplain settings.) 	Comment by Mark Rains: Is this still the case?





Defining connectivity in this manner creates a problem with the related definition of isolation. If connectivity really is the transfer of matter, energy, and/or organisms within or between elements of the landscape, and connectivity really is a scalable quantity ranging from fully connected to fully isolated, then one might infer that true isolation doesn't occur until there is absolutely no transfer of matter, energy, and/or organisms within or between elements of the landscape. This condition might be so rare as to be negligible, rendering the term isolation almost useless.





The definition of connectivity and isolation might be improved by connecting to the literature on disturbance ecology (see Stanley et al. 2010 and references therein). In that literature, a disturbance is seen as a discrete event that disrupts ecosystem structure and function, substantively changing the physical, chemical, and/or biological environment. Such disturbances are commonly viewed through a filter of the biological consequences – does the disturbance event matter to biota? However, such disturbances are nevertheless commonly quantified in terms of physical measures of the disturbance itself (e.g., frequency, magnitude, duration) rather than in terms of the biological response to the disturbance to facilitate objective comparisons among events. Predictability is often made part of this definition, with the stipulation that disturbances must be outside of some normal range to which biota are typically adapted (e.g., Resch et al. 1988; Poff 1992). By adding these details, connectivity and isolation could be conceptually viewed along a continuum ranging from fully connected to completely isolated, with a transition somewhere in between that varies case-by-case and is defined by whether or not a perturbation is outside the normal range and relevant to the biota.





Recommendations





· Connectivity and isolation should be defined and discussed at the beginning of Chapter 3 of the Report.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





· The definition of connectivity and isolation could be improved by connecting to literature on disturbance ecology.





3.2.2.	Defining the Scope of the Report





The SAB finds that the scope of the Report, with respect to the types of waters and wetlands covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various waters and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of waters and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the water and wetland definition of Cowardin et al. (1979), and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership. [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining the types of wetlands and water bodies covered.





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as waters and wetlands (see discussion in Section 3.5.2 of this report). 	Comment by Latif Kalin: I agree with Judy here. This recommendation is disconnected from the text above.  I suggest deleting it.	Comment by Rains, Mark: Is this still the case?





· The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





3.2.3.	Use of a Flowpath Framework





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and are expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently four-dimensional (i.e., longitudinal, lateral, vertical, and through time). 





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries (McDonnell 2013). For example, the Floridan aquifer underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina and commonly interacts with the surface environment through sinks, springs, and outcrops (see Sun et al. 1997 and references therein). Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling transitioning to increasingly open spiraling from the headwaters to the outlet (Newbold et al. 1981). However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another (Helfield and Naiman 2001). Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries (Skagen et al. 2008). Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). 





Some editorial or technical corrections are needed in the Report and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by Horton (1945). 





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by Dunne and Black (1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further explain how areas contributing runoff expand and contract, changing the way that landscapes connect through storms and seasons (Dunne and Black 1970). The expansion of runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally change the extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). This type of variability suggests that connectivity should be discussed within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings; however, the lines delineating these landscape categories are conceptual and there is no scientific consensus on separating the categories.





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996; Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program (Sun et al. 1997). 	Comment by Latif Kalin: I concur with the others on this paragraph. This is too much detail. I suggest removing this whole paragraph. 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Rains, Mark: Ken Kolm – Please consider these three previous comments. (Murphy makes a clarifying comment in the Recommendations for this subsection.)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among these habitats throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely. Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Rains, Mark: Judy – Please help with citations suggested in the previous comment.





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.	Comment by Latif Kalin: I disageree with Tank comment. I don’t think the recommendations given here are somewhat disconnected from the text above.





· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report, described in the context of connectivity between waters and wetlands and downgradient waters and shown to be critical to the biological integrity of these connected waters.


 


3.2.4.	Revising and Defining the Terminology Used in the Report





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams,waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that these terms be changed to terms from a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the Report. One possibility is that bidirectional wetlands could be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands could be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms will be used throughout this report.





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands”. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection (e.g., frequency, magnitude, timing, duration) and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Rains, Mark: We wrote this because we thought that the SAB had reached this consensus. We have two comments, immediately above, one supportive, one not so much. I think we should discuss this further. 	Comment by Latif Kalin: As far as I remember there was a consensus on “there are no isolated wetlands”. However, in my view we are a little too critical in this paragraph. The EPA report never says geographically isolated wetlands are truly isolated. Perhaps all we need to say here is asking EPA elucidate on this.





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) and also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact. Although EPA may want to call such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text	Comment by Rains, Mark: I’m unfamiliar with this term, and am not certain that it needs to be included in the Report. I think we should discuss this further.





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies functional isolation and does not directly map onto the organizational terminology in the Report, which explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. Therefore, the SAB recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” does not imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report.	Comment by Latif Kalin: I don’t think it implies functional isolation. At least that is not what I understand.





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)	Comment by Rains, Mark: See my comment on this immediately above.





3.2.5.	Layers of Complexity in the Conceptual Framework





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhanced by connectivity while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the Report and explicitly made in the section on unidirectional wetlands. Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.






Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. However, spatial and temporal scales of 


vary by flowpath type and flowpath characteristics (Figure 3.2-1). A figure like this focused on the spatial and temporal scale of connectivity should be included in the Report, with a particular focus on the differences in the spatial and temporal scales of surface-water and groundwater connectivity as it relates to the chemical, physical, and biological integrity of downgradient waters.	Comment by Mark Rains: Amanda – This is a temporary figure number.





[image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/smallpics/Fig.3.1.jpg]


Figure 3.2-1. Relative spatial and temporal scale of hydrologic connectivity and interaction (adapted from Bloschl and Sivapalan1995).	Comment by Mark Rains: Amanda – This is a temporary figure number.





The Report should clearly state that low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are essential, long-lived, and/or cumulative. Low-frequency, high-magnitude flows connect channels to the furthest reaches of the floodplains (Poff et al. 1997), controlling species composition and abundance in forests (Darst and Light 2008) and transporting large clasts and/or woody debris that otherwise cannot be transported by more-frequent, lower-magnitude flows (Wolman and Miller 1957). Long-lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be important mechanisms that connect headwaters to rivers, serving as important sources of sediment to downgradient waters (Benda et al. 2005). Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure and function of downgradient waters over the scale of decades (Leibowitz et al 2008). Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (Izbicki 2007). 





The SAB recommends that the Report compare and contrast the temporal scale of connectivity in the East and the Southwest. In the East, precipitation is weakly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to moderate-frequency rainfall events; in the Southwest, precipitation is strongly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to low-frequency rainfall events. The latter are no less important to the integrity of the downgradient waters, even though their frequency and duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration of the connection but, rather, the relative magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of relative likelihood × relative consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands (Figure 3.2-2). This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b	Comment by Mark Rains: Amanda – This is a temporary figure number.





[image: http://www.nature.com/nclimate/journal/v1/n4/images_article/nclimate1143-f5.jpg]


Figure 3.2-2. Relative likelihood × relative impact of global-scale phenomena (CITATION NEEDED).	Comment by Mark Rains: Amanda – This is a temporary figure number.	Comment by Mark Rains: Amanda – Please add the citation here and in the References.





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?	Comment by Mark Rains: We wrote this because we thought that the SAB had reached this consensus. We have two comments, immediately above, one supportive, one not so much. I think we should discuss this further.





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity, such as dams (Ward and Stanford 1983) and groundwater pumping that lowers local water tables and causes surface-water connections to cease (Haag and Pfeiffer 2012); some can directly increase connectivity, such as ditches (Min et al. 2010) and tile drains (Randall et al. 1997), and some can indirectly change the frequency, magnitude, timing, duration, and/or rate of change of connectivity,  such as impervious surfaces in the contributing watershed (Walsh et al. 2012). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Latif Kalin: I think we should remember what section 3 of the report is about. Section 3, as definded under Introduction section “presents an overview of river system components, describes the spatial and temporal dynamics of connections within and among aquatic ecosystems, and provides context for interpreting empirical evidence of connections and functions and for making reasonable inferences about effects.” It is a conceptual framework, and some way educational material. In that sense I see no problem with what we have written here.	Comment by Duncan: (Patten) important point





Forcings and Regionalization





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for regions with unique conditions such as the permafrost regions of Alaska. This problem has been identified by a number of public commenters. The EPA therefore should consider expressing forcings in terms of Hydrologic-Landscape Regions (HLRs; Wolock et al. 2004), or an equivalent system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the materials, energy, and organisms that flow by surface-water and/or groundwater flowpaths from numerous waters and wetlands. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligible, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless be important. For example, the degradation of a single small, headwater stream might have a negligible effect on downgradient water quality, but the aggregate or cumulative effect of the degradation of all small, headwater streams would have a large effect on downgradient water quality (Alexander et al. 2007).





Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Studies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate water and wetland maps; this illustrates how new technologies may influence the scientific understanding of connectivity. 





It is critical that readers of the Report understand that many existing databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) found 0.8 km of stream channel on a 1:500,000 scale map and 56 km of stream channel on a 1:7200 scale map in a North Carolina watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) hydrological, chemical, and biological connections between small and large streams is increasing rapidly. Mapping scale also applies to wetlands in on-riparian/non-floodplain settings. Frohn et al. (2009), Frohn et al. (2012), Lane et al. (2012), and Martin et al. (2012) all tried to map geographically isolated wetlands, i.e., wetlands surrounded by uplands, but found that currently available spatial data were inadequate for the task, in large part due to the limitations of the scale and/or accuracy of the maps used to determine whether or not a wetland was surrounded by upland. Hence, the degree of connectivity will be determined in some part by in the database and/or data collection technology used for the analysis.





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.





[bookmark: _Toc99930883][bookmark: _Toc260313045]


[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:4] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [4:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands”. The SAB finds that the focus on hydrologic connections in Section 5.4 and elsewhere does not account for important biological exchanges, not transported stream flow, that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, shallow ground water, deep ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994), especially those that address material flows generated by avian fauna, be added to the Report. Findings from additional literature on theEvidence from the literature on biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are is overwhelming and is particularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Duncan: (Patten) I think this is stretching connectivity... this could connect almost any location. 	Comment by Johnson: (Johnson) Insert references provided by Rob Brooks here





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) this worries me... 





· The literature review should analyze the scientific literature to specifically address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. Geographic differences, especially as it relates to precipitation, should be analyzed. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian/floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 





Similarly the SAB recommends that Figure 1, shown below, be used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). 	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?











Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:5]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms. 	Comment by Kolm: (Kolm) Not accurate for all case histories: Terminal salt lakes and playas may also have strong hydrologic connections like we see in Nevada and Death Valley, CA. Recommend deliting the sentence or modifying it to include both end members.

General comment: Each of the case histories presented could use a cross-sectional diagram illustrating the hydrology and connectivity of the features and region. It is difficult for most readers to visualize these descriptions of structure and function. [5:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible based on the scientific literature and provide specific statements on where the literature is lacking or incomplete. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude, short duration floods may infrequently connect non-riparian/non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Sullivan: (Sullivan) It seems like a predictability framework could also vbe helpful in understanding the degree of connectivityoutlined here (e.g., waterfowl migration moves nutrients at high magnitudes at relatively predictable intervals).	Comment by Benda: (Benda) Although mentioned previously in these comments, the issue that all waters are connected over sufficiently long time scales is highlighted again using the scale “thousands of years”. How many thousands of years? 1, 10, 100, 1000?  If the SAB wants to encourage EPA to consider hydrologic-habitat connectivity at these extended time scales, perhaps it should provide some guidance on how to determine the strength of those connections, in the context of policy making which is the ultimate use of the EPA Connectivity Report. The issue of expanded time scales comes up in other areas of the SAB review including under “Recommendations” (Pg. 50, lines 6-7).
	Comment by Allan: (Allan) I feel this seemingly side-steps the issue of degree of connectivity and the gradient comcept.	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 	Comment by Duncan: (Patten) we have this recommendation earlier but does this weaken the connectivity argument as it can be interpreted as geological time (e.g., millennia). 	Comment by Allan: (Allan) Although this statement acknowledges variation in magnitude of connectivity, I think the SAB review should direct the EPA Report towards greater specificity, rather than towards very general statements that provide little guidance on the degree of connectivity. Might this be an opportunity to suggest that, while all systems are connected, the strength of connectivity is affected by many variables and is best decided on a case-by-case basis?





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are likely to be connected to downstream water (in various magnitudes) over sufficiently long time scales., yet the effects of these connections vary widely in magnitude across wetlands.	Comment by Murphy: (Murphy) Without the second clause this is an entirely different recommendation!





· The EPA should assess connectivity in terms of downstream effects, not just in terms of based upon the frequency, magnitude, or and duration of connections.	Comment by Murphy: (Murphy)





· The Report should emphasize that while that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales, such connections may not be relevant if they do not have important effects on downstream water quality. As a result, the Report should access connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 	Comment by Josselyn: (Josselyn) I suggest this to replace the two bullets above..








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013).. The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  In particular, extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts.	Comment by Fausch: (Fausch) Additional text.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways and to describe to the degree possible how connectivity may have been reduced or eliminated by such human disturbances.


[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Duncan: (Patten) for example????  years, decades, centuries... etc. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands (ASTM, 1996; Kolm, et. al, 1996), and can be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the fourfive pathways by which non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 





· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that, as has been done for prior conclusions, the authors remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a	Comment by Johnson: (Johnson) I think we can delete this, and include comments only on the key findings that require changes.





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of these man made wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity can occur between [non-floodplain] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”	Comment by Duncan: (Patten) this statement ultimately connects most wetlands and rivers regardless of proximity or any close geographic locations. 





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 








A-3


[bookmark: _Toc382414080][bookmark: _Toc385943135]APPENDIX B:  TECHNICAL AND EDITORIAL CORRECTIONS FOR THE FINDINGS AND CONCLUSIONS





Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 


B-1


image1.jpeg


100 ears

10years

e

ey

"

tm fom 0m ik fOMn 10k Ok 10








image2.jpeg


Relative impact

High

Medium

Low

West African
monsoon
shift

ENSO
amplitude
increase

Atlantic

THC
shutdown

Lowest risk

West Antarctic
ice-sheet
collapse

Greenland
ice-sheet
meltdown

Amazon

rainforest
dieback

summer sea-ice,

Low

Medium

Relative likelihood

Highest risk








image3.jpeg


Surface, Shallow Subsurface or Groundwater Flows
from Wetlands to Downstream Waters

Probability that changes
in a wetland will be transmitted to downstream
waters

Perennial < - - > Ephemeral
High magnitude < = - —> Low magnitude
fluxes fluxes

Transfers of Biota from Wetlands to Downstream Waters

Probability that changes
in a wetland will be transmitted to downstream
waters

Large magn@tude transfer of ~ «——————> No or low magnitude transfer
energy, nutrients or of energy, nutrients or
contaminants by biota contaminants by biota

Wetland habitat necessaryfor « . Wetland habitat not
survival of a downstream necessary for survival of a
species downstream species













From: Rains, Mark
To: Kenneth Kolm; Latif Kalin; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas; Goodman, Iris
Subject: RE: Next Draft
Date: Friday, May 16, 2014 7:34:38 PM
Attachments: SAB Connectivity Panel Draft Report_4_23_14 (markup)_MCR.docx


New References.docx
Rains_action items_5_8_14.docx


Attached, you'll find the following:


1. The revised SAB report. I only made revisions to our section, delineating where I started and stopped with notes
 in the margin that say "Rains started/stopped review and revision here." I made all changes permanent, because
 decisions needed to be made about the suggested revisions and it was all getting too difficult to read anyway.
2. New references added during this revision.
3. Our action items. I've made revisions based upon all of these, except one. The one I haven't made revisions based
 upon is the one on metrics. (I've highlighted it with a marginal note.) Amanda graciously offered to collect
 contributions from other panel members, to make first pass at that section, and then to pass the revised section to us
 for review. (Ken, I forwarded your contributions to her.)


Tomorrow, I'm in the field near Sacramento and then driving to Portland. After that, I'll be at JASM, where I have a
 ton of responsibilities. Still, I'll be checking email and will do my best to make all of your suggested revisions
 before the deadline COB Monday.
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From: Rains, Mark
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Subject: Next Draft


Ken, Latif, Judy,


I received action items from Tom, Iris, and Amanda. There is quite a bit there. Amanda has offered to help us hit our
 deadline, especially in getting promised contributions from others on the panel. I also had a really productive
 conversation with Mark Murphy, who had already provided some written material following our recent conference
 calls. I think I can make quite a lot of progress toward our action items, especially with Amanda's and Mark's help.
 However, I'm likely to be very close to our deadline, which is May 19. I'm writing to see if you can hold some time
 around that deadline so you can receive and comment quickly on that draft before Tom, Iris, and Amanda have to
 incorporate it into the revised draft in advance of our next conference call.
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Mark
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This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. 	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on material flows generated by fauna, particularly avian fauna.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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[bookmark: _Toc58926855][bookmark: _Toc59252196][bookmark: _Toc65285546][bookmark: _Toc71962574][bookmark: _Toc72113549][bookmark: _Toc99930877][bookmark: _Toc260313039][bookmark: _Toc382414067][bookmark: _Toc385943122]EXECUTIVE SUMMARY	Comment by Murphy: (Murphy) I haven’t edited the ES and Introduction since they might need a complete overhaul. This said, I found these two parts of the report very well written, reflective of the group concensus, and without much need of change. Id like to see the rest of the report brought up to the same level of clarity.	Comment by Johnson: (Johnson) Have we sufficiently addressed the role of humans in changing / exacerbating natural disturbance regimes and the subsequent impact on connectivity?  E.g., drought impacts on connectivity are exacerbated by water extraction; wetland drainage, channelization,	Comment by Josselyn: (Josselyn) See comments on the executive summary that are included in the Panel’s general comments.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for Unidirectional Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and “geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birds is important as they spatially integrate these wetlands through their movements. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) a wishy washy statement.... too all inclusive which brings us back to the concept of  "sufficiently long time scale".... what does that mean or imply? 





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc385943123]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 


19





16


1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There must be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on downstream water quality. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB finds that the literature review in Chapter 3 of the Report is technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, the conceptual framework needs to be revised and clearly articulated at the beginning of the Chapter. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 





3.2.1.	Defining Connectivity and Isolation





Because connectivity and isolation can be defined in many ways, the Report needs to define and concisely discuss what is meant by both “connectivity” and “isolation” at the beginning of Chapter 3. Currently, only connectivity is defined, and it is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





The definition of connectivity used in the Report seems to follow that of Pringle (2001; 2003), i.e., the transfer of matter, energy, and/or organisms within or between elements of the landscape. The Report should state that connectivity is a scalable quantity ranging continuously from fully connected to completely isolated, rather than a binary condition of connected or isolated. This could be expressed in a simple conceptual figure here, then again as more specific figures in each chapter on each water and wetland type covered in the Report. (See, for example, Figure 1 in Section 3.7.3 of this report for an example developed for waters and wetlands in non-riparian/non-floodplain settings.) 	Comment by Mark Rains: Is this still the case?





Defining connectivity in this manner creates a problem with the related definition of isolation. If connectivity really is the transfer of matter, energy, and/or organisms within or between elements of the landscape, and connectivity really is a scalable quantity ranging from fully connected to fully isolated, then one might infer that true isolation doesn't occur until there is absolutely no transfer of matter, energy, and/or organisms within or between elements of the landscape. This condition might be so rare as to be negligible, rendering the term isolation almost useless.





The definition connectivity and isolation might be improved by connecting to the literature on disturbance ecology (see Stanley et al. 2010 and references therein). In that literature, a disturbance is seen as a discrete event that disrupts ecosystem structure and function, substantively changing the physical, chemical, and/or biological environment. Such disturbances are commonly viewed through a filter of the biological consequences – does the disturbance event matter to biota? However, such disturbances are nevertheless commonly quantified in terms of physical measures of the disturbance itself (e.g., frequency, magnitude, duration) rather than in terms of the biological response to the disturbance to facilitate objective comparisons among events. Predictability is often made part of this definition, with the stipulation that disturbances must be outside of some normal range to which biota are typically adapted (e.g., Resch et al. 1988; Poff 1992). By adding these details, connectivity and isolation could be conceptually viewed along a continuum ranging from fully connected to completely isolated, with a transition somewhere in between that varies case-by-case and is defined by whether or not a perturbation is outside the normal range and relevant to the biota.





Recommendations





· Connectivity and isolation should be defined and discussed at the beginning of Chapter 3 of the Report.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





· The definition of connectivity and isolation could be improved by connecting to literature on disturbance ecology.





3.2.2.	Defining the Scope of the Report





The SAB finds that the scope of the Report, with respect to the types of waters and wetlands covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various waters and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of waters and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the water and wetland definition of Cowardin et al. (1979), and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership. [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining the types of wetlands and water bodies covered.





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as waters and wetlands (see discussion in Section 3.5.2 of this report). 	Comment by Rains, Mark: Is this still the case?





· The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





3.2.3.	Use of a Flowpath Framework





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and are expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently four-dimensional (i.e., longitudinal, lateral, vertical, and through time). 





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries (McDonnell 2013). For example, the Floridan aquifer underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina and commonly interacts with the surface environment through sinks, springs, and outcrops (see Sun et al. 1997 and references therein). Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling transitioning to increasingly open spiraling from the headwaters to the outlet (Newbold et al. 1981). However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another (Helfield and Naiman 2001). Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries (Skagen et al. 2008). Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). 





Some editorial or technical corrections are needed in the Report and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by Horton (1945). 





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by Dunne and Black (1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further explain how areas contributing runoff expand and contract, changing the way that landscapes connect through storms and seasons (Dunne and Black 1970). The expansion of runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally change the extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). This type of variability suggests that connectivity should be discussed within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings; however, the lines delineating these landscape categories are conceptual and there is no scientific consensus on separating the categories.





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996; Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program (Sun et al. 1997). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Rains, Mark: Ken Kolm – Please consider these three previous comments. (Murphy makes a clarifying comment in the Recommendations for this subsection.)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among these habitats throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely. Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Rains, Mark: Judy – Please help with citations suggested in the previous comment.





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.





· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report, described in the context of connectivity between waters and wetlands and downgradient waters and shown to be critical to the biological integrity of these connected waters.


 


3.2.4.	Revising and Defining the Terminology Used in the Report





[bookmark: _GoBack]With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams,waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that these terms be changed to terms from a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the Report. One possibility is that bidirectional wetlands could be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands could be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms will be used throughout this report.





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands”. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection (e.g., frequency, magnitude, timing, duration) and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Rains, Mark: We wrote this because we thought that the SAB had reached this consensus. We have two comments, immediately above, one supportive, one not so much. I think we should discuss this further. 





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) and also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact. Although EPA may want to call such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text	Comment by Rains, Mark: I’m unfamiliar with this term, and am not certain that it needs to be included in the Report. I think we should discuss this further.





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies functional isolation and does not directly map onto the organizational terminology in the Report, which explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. Therefore, the SAB recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” does not imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report.





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)	Comment by Rains, Mark: See my comment on this immediately above.





3.2.5.	Layers of Complexity in the Conceptual Framework





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhanced by connectivity while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the Report and explicitly made in the section on unidirectional wetlands. Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.






Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. However, spatial and temporal scales of vary by flowpath type and flowpath characteristics (Figure 3.2-1). A figure like this focused on the spatial and temporal scale of connectivity should be included in the Report, with a particular focus on the differences in the spatial and temporal scales of surface-water and groundwater connectivity as it relates to the chemical, physical, and biological integrity of downgradient waters.	Comment by Mark Rains: Amanda – This is a temporary figure number.





[image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/smallpics/Fig.3.1.jpg]


Figure 3.2-1. Relative spatial and temporal scale of hydrologic connectivity and interaction (adapted from Bloschl and Sivapalan1995).	Comment by Mark Rains: Amanda – This is a temporary figure number.





The Report should clearly state that low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are essential, long-lived, and/or cumulative. Low-frequency, high-magnitude flows connect channels to the furthest reaches of the floodplains (Poff et al. 1997), controlling species composition and abundance in forests (Darst and Light 2008) and transporting large clasts and/or woody debris that otherwise cannot be transported by more-frequent, lower-magnitude flows (Wolman and Miller 1957). Long-lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be important mechanisms that connect headwaters to rivers, serving as important sources of sediment to downgradient waters (Benda et al. 2005). Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure and function of downgradient waters over the scale of decades (Leibowitz et al 2008). Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (Izbicki 2007). 





The SAB recommends that the Report compare and contrast the temporal scale of connectivity in the East and the Southwest. In the East, precipitation is weakly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to moderate-frequency rainfall events; in the Southwest, precipitation is strongly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to low-frequency rainfall events. The latter are no less important to the integrity of the downgradient waters, even though their frequency and duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration of the connection but, rather, the relative magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of relative likelihood × relative consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands (Figure 3.2-2). This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b	Comment by Mark Rains: Amanda – This is a temporary figure number.





[image: http://www.nature.com/nclimate/journal/v1/n4/images_article/nclimate1143-f5.jpg]


Figure 3.2-2. Relative likelihood × relative impact of global-scale phenomena (CITATION NEEDED).	Comment by Mark Rains: Amanda – This is a temporary figure number.	Comment by Mark Rains: Amanda – Please add the citation here and in the References.





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?	Comment by Mark Rains: We wrote this because we thought that the SAB had reached this consensus. We have two comments, immediately above, one supportive, one not so much. I think we should discuss this further.





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity, such as dams (Ward and Stanford 1983) and groundwater pumping that lowers local water tables and causes surface-water connections to cease (Haag and Pfeiffer 2012); some can directly increase connectivity, such as ditches (Min et al. 2010) and tile drains (Randall et al. 1997), and some can indirectly change the frequency, magnitude, timing, duration, and/or rate of change of connectivity,  such as impervious surfaces in the contributing watershed (Walsh et al. 2012). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point





Forcings and Regionalization





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for regions with unique conditions such as the permafrost regions of Alaska. This problem has been identified by a number of public commenters. The EPA therefore should consider expressing forcings in terms of Hydrologic-Landscape Regions (HLRs; Wolock et al. 2004), or an equivalent system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the materials, energy, and organisms that flow by surface-water and/or groundwater flowpaths from numerous waters and wetlands. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligible, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless be important. For example, the degradation of a single small, headwater stream might have a negligible effect on downgradient water quality, but the aggregate or cumulative effect of the degradation of all small, headwater streams would have a large effect on downgradient water quality (Alexander et al. 2007).





Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Studies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate water and wetland maps; this illustrates how new technologies may influence the scientific understanding of connectivity. 





It is critical that readers of the Report understand that many existing databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) found 0.8 km of stream channel on a 1:500,000 scale map and 56 km of stream channel on a 1:7200 scale map in a North Carolina watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) hydrological, chemical, and biological connections between small and large streams is increasing rapidly. Mapping scale also applies to wetlands in on-riparian/non-floodplain settings. Frohn et al. (2009), Frohn et al. (2012), Lane et al. (2012), and Martin et al. (2012) all tried to map geographically isolated wetlands, i.e., wetlands surrounded by uplands, but found that currently available spatial data were inadequate for the task, in large part due to the limitations of the scale and/or accuracy of the maps used to determine whether or not a wetland was surrounded by upland. Hence, the degree of connectivity will be determined in some part by in the database and/or data collection technology used for the analysis.





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.





[bookmark: _Toc99930883][bookmark: _Toc260313045]


[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:4] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [4:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands”. The SAB finds that the focus on hydrologic connections in Section 5.4 and elsewhere does not account for important biological exchanges, not transported stream flow, that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, shallow ground water, deep ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994), especially those that address material flows generated by avian fauna, be added to the Report. Findings from additional literature on theEvidence from the literature on biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are is overwhelming and is particularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Duncan: (Patten) I think this is stretching connectivity... this could connect almost any location. 	Comment by Johnson: (Johnson) Insert references provided by Rob Brooks here





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) this worries me... 





· The literature review should analyze the scientific literature to specifically address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. Geographic differences, especially as it relates to precipitation, should be analyzed. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian/floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 





Similarly the SAB recommends that Figure 1, shown below, be used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). 	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?











Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:5]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms. 	Comment by Kolm: (Kolm) Not accurate for all case histories: Terminal salt lakes and playas may also have strong hydrologic connections like we see in Nevada and Death Valley, CA. Recommend deliting the sentence or modifying it to include both end members.

General comment: Each of the case histories presented could use a cross-sectional diagram illustrating the hydrology and connectivity of the features and region. It is difficult for most readers to visualize these descriptions of structure and function. [5:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible based on the scientific literature and provide specific statements on where the literature is lacking or incomplete. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude, short duration floods may infrequently connect non-riparian/non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Sullivan: (Sullivan) It seems like a predictability framework could also vbe helpful in understanding the degree of connectivityoutlined here (e.g., waterfowl migration moves nutrients at high magnitudes at relatively predictable intervals).	Comment by Benda: (Benda) Although mentioned previously in these comments, the issue that all waters are connected over sufficiently long time scales is highlighted again using the scale “thousands of years”. How many thousands of years? 1, 10, 100, 1000?  If the SAB wants to encourage EPA to consider hydrologic-habitat connectivity at these extended time scales, perhaps it should provide some guidance on how to determine the strength of those connections, in the context of policy making which is the ultimate use of the EPA Connectivity Report. The issue of expanded time scales comes up in other areas of the SAB review including under “Recommendations” (Pg. 50, lines 6-7).
	Comment by Allan: (Allan) I feel this seemingly side-steps the issue of degree of connectivity and the gradient comcept.	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 	Comment by Duncan: (Patten) we have this recommendation earlier but does this weaken the connectivity argument as it can be interpreted as geological time (e.g., millennia). 	Comment by Allan: (Allan) Although this statement acknowledges variation in magnitude of connectivity, I think the SAB review should direct the EPA Report towards greater specificity, rather than towards very general statements that provide little guidance on the degree of connectivity. Might this be an opportunity to suggest that, while all systems are connected, the strength of connectivity is affected by many variables and is best decided on a case-by-case basis?





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are likely to be connected to downstream water (in various magnitudes) over sufficiently long time scales., yet the effects of these connections vary widely in magnitude across wetlands.	Comment by Murphy: (Murphy) Without the second clause this is an entirely different recommendation!





· The EPA should assess connectivity in terms of downstream effects, not just in terms of based upon the frequency, magnitude, or and duration of connections.	Comment by Murphy: (Murphy)





· The Report should emphasize that while that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales, such connections may not be relevant if they do not have important effects on downstream water quality. As a result, the Report should access connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 	Comment by Josselyn: (Josselyn) I suggest this to replace the two bullets above..








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013).. The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  In particular, extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts.	Comment by Fausch: (Fausch) Additional text.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways and to describe to the degree possible how connectivity may have been reduced or eliminated by such human disturbances.


[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Duncan: (Patten) for example????  years, decades, centuries... etc. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands (ASTM, 1996; Kolm, et. al, 1996), and can be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the fourfive pathways by which non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 





· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that, as has been done for prior conclusions, the authors remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a	Comment by Johnson: (Johnson) I think we can delete this, and include comments only on the key findings that require changes.





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of these man made wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity can occur between [non-floodplain] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”	Comment by Duncan: (Patten) this statement ultimately connects most wetlands and rivers regardless of proximity or any close geographic locations. 





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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Mark Rains – Action Items from April 28 and May 2nd Connectivity Panel Teleconferences





1. Section 3.2 will be revised to include new text on spatial and temporal scale. (Rains and Murphy will write subsection to be included in Section 3.2.  Dave Allan will provide additional references on spatial and temporal connectivity for the three water body types)


2. Figure 1 will stay in Section 3.7 but the text in Section 3.2 will be revised to refer to this figure and discuss how it is different for different water body types. Section 3.2 will also be revised to include a recommendation that the EPA  develop similar figures in each of the sections that address different types of water bodies in order to better represent gradients of connectivity. (Rains)


3. Section 3.2 will discuss the fact that any kind of connectivity that affects the physical, chemical, and biological integrity of downgradient waters is relevant/important.  However, the revised text will acknowledge that there is a level of connectivity at which the functional impact/the consequence on downgradient receiving waters is minimal; but this is where assessing the cumulative / aggregate effect becomes critical. (Rains)


4. Section 3.2 will be revised to present concepts from the literature on disturbance ecology (e.g., magnitude, intensity, frequency, and predictability). Predictability was thought to be especially useful in evaluating downgradient effects of connectivity.  (Murphy will develop text and a list of references He will work with Mark Rains to include the changes in Section 3.2). The following suggestion will be sent from the Chair to Murphy and Rains:





NOTE FROM AMANDA: Disturbance ecology language is a good model.  Use disturbance ecology literature as a framework for discussing and framing connectivity.


· Distribution, frequency, return interval, rotation period, predictability, area or size, magnitude (intensity and severity) (White & Pickett).  Examples of figures that could be considered for inclusion not mandatory).





http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/wcsg2001chapter3.htm


Schematic of selected atmospheric, surface, and subsurface hydrologic processes and their temporal and spatial scales of occurrence (adapted from Bloschl and Sivalapan, 1995).


[image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/smallpics/Fig.3.1.jpg]





· [image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/bigpics/Fig.3.4.jpg]


[image: http://www.nature.com/nclimate/journal/v1/n4/images_article/nclimate1143-f5.jpg]





5. The importance of frequency and magnitude (and possibly other appropriate metrics that can be used to describe disturbance) will be included in the discussion of spatial and temporal scale in section 3.2. (Rains)





6. Literature citations and additional brief text on metrics of connectivity will be included in a new subsection in Section 3.2. The additional references and text will be provided by Kolm, Sullivan, Murphy, and Harvey (Kolm – for groundwater/surface water modeling studies; Sullivan – for relative connectivity;  Murphy; Harvey ) (Chair will insert the material provided by the panel members)	Comment by Mark Rains: Amanda is taking the first pass at this, then submitting it to us for review.


49. Recommendations will be reviewed to determine whether any of them should be combined or reordered. (Rains)





50. Other comments on section 3.2 will be addressed based on the discussion on the teleconferences (Rains)
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From: Kenneth Kolm
To: Rains, Mark; Latif Kalin; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas; Goodman, Iris
Subject: RE: Next Draft
Date: Wednesday, May 14, 2014 4:03:45 PM


Hi All,


I am finishing up my action items to get to the group shortly.  
 
 
 
 


Ken


Kenneth E. Kolm
Associate Professor Emeritus
Colorado School of Mines


and


Hydrologic Systems Analysis, LLC                                 
Hydrologic and Environmental Systems                           
                                                                 
Kenneth E. Kolm, Ph.D.
President and Senior Hydrogeologist
Hydrologic and Environmental Systems Specialist
128 Burgess Ave.
Golden, CO  80401  USA
Telephone:  303 842 3752
Email:   and kkolm@mines.edu


________________________________________
From: Rains, Mark [mrains@usf.edu]
Sent: Tuesday, May 13, 2014 12:53 PM
To: Kenneth Kolm; Latif Kalin; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas (Armitage.Thomas@epa.gov); Iris Goodman
Subject: Next Draft


Ken, Latif, Judy,


I received action items from Tom, Iris, and Amanda. There is quite a bit there. Amanda has offered to help us hit our
 deadline, especially in getting promised contributions from others on the panel. I also had a really productive
 conversation with Mark Murphy, who had already provided some written material following our recent conference
 calls. I think I can make quite a lot of progress toward our action items, especially with Amanda's and Mark's help.
 However, I'm likely to be very close to our deadline, which is May 19. I'm writing to see if you can hold some time
 around that deadline so you can receive and comment quickly on that draft before Tom, Iris, and Amanda have to
 incorporate it into the revised draft in advance of our next conference call.


Thanks.


Mark


(b) (6)


(b) (6)
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From: Rains, Mark
To: Latif Kalin; Kenneth Kolm; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas; Goodman, Iris
Subject: RE: Next Draft
Date: Tuesday, May 13, 2014 4:02:49 PM


I'll send it as soon as possible, but I don't know when. I have to fly cross country on Thursday, do field work in
 northern California on Friday and Saturday, drive all day on Sunday, and then attend the JASM conference
 Monday-Friday, so all of this has to happen tomorrow and then thereafter while I'm in motion. Stay tuned.
________________________________________
From: Latif Kalin [KALINLA@auburn.edu]
Sent: Tuesday, May 13, 2014 3:09 PM
To: Rains, Mark; Kenneth Kolm; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas (Armitage.Thomas@epa.gov); Iris Goodman
Subject: RE: Next Draft


Hi Mark,
If the deadline is May 19th (which is a Monday), do you anticipate to send the draft over the weekend? I should be
 able to do it that Sunday or Monday..
Latif


-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu]
Sent: Tuesday, May 13, 2014 1:53 PM
To: Kenneth Kolm; Latif Kalin; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas (Armitage.Thomas@epa.gov); Iris Goodman
Subject: Next Draft


Ken, Latif, Judy,


I received action items from Tom, Iris, and Amanda. There is quite a bit there. Amanda has offered to help us hit our
 deadline, especially in getting promised contributions from others on the panel. I also had a really productive
 conversation with Mark Murphy, who had already provided some written material following our recent conference
 calls. I think I can make quite a lot of progress toward our action items, especially with Amanda's and Mark's help.
 However, I'm likely to be very close to our deadline, which is May 19. I'm writing to see if you can hold some time
 around that deadline so you can receive and comment quickly on that draft before Tom, Iris, and Amanda have to
 incorporate it into the revised draft in advance of our next conference call.


Thanks.


Mark
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From: Latif Kalin
To: Rains, Mark; Kenneth Kolm; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas; Goodman, Iris
Subject: RE: Next Draft
Date: Tuesday, May 13, 2014 3:09:13 PM


Hi Mark,
If the deadline is May 19th (which is a Monday), do you anticipate to send the draft over the weekend? I should be
 able to do it that Sunday or Monday..
Latif


-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu]
Sent: Tuesday, May 13, 2014 1:53 PM
To: Kenneth Kolm; Latif Kalin; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas (Armitage.Thomas@epa.gov); Iris Goodman
Subject: Next Draft


Ken, Latif, Judy,


I received action items from Tom, Iris, and Amanda. There is quite a bit there. Amanda has offered to help us hit our
 deadline, especially in getting promised contributions from others on the panel. I also had a really productive
 conversation with Mark Murphy, who had already provided some written material following our recent conference
 calls. I think I can make quite a lot of progress toward our action items, especially with Amanda's and Mark's help.
 However, I'm likely to be very close to our deadline, which is May 19. I'm writing to see if you can hold some time
 around that deadline so you can receive and comment quickly on that draft before Tom, Iris, and Amanda have to
 incorporate it into the revised draft in advance of our next conference call.


Thanks.


Mark
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From: Kenneth Kolm
To: Rains, Mark; Latif Kalin; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas; Goodman, Iris
Subject: RE: Next Draft
Date: Monday, May 19, 2014 3:04:15 AM
Attachments: Kenneth E. Kolm SAB Connectivity Additional comments.docx


Attached are additional comments as requested.
________________________________________
From: Rains, Mark [mrains@usf.edu]
Sent: Friday, May 16, 2014 5:32 PM
To: Kenneth Kolm; Latif Kalin; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas (Armitage.Thomas@epa.gov); Iris Goodman
Subject: RE: Next Draft


Attached, you'll find the following:


1. The revised SAB report. I only made revisions to our section, delineating where I started and stopped with notes
 in the margin that say "Rains started/stopped review and revision here." I made all changes permanent, because
 decisions needed to be made about the suggested revisions and it was all getting too difficult to read anyway.
2. New references added during this revision.
3. Our action items. I've made revisions based upon all of these, except one. The one I haven't made revisions based
 upon is the one on metrics. (I've highlighted it with a marginal note.) Amanda graciously offered to collect
 contributions from other panel members, to make first pass at that section, and then to pass the revised section to us
 for review. (Ken, I forwarded your contributions to her.)


Tomorrow, I'm in the field near Sacramento and then driving to Portland. After that, I'll be at JASM, where I have a
 ton of responsibilities. Still, I'll be checking email and will do my best to make all of your suggested revisions
 before the deadline COB Monday.


________________________________________
From: Rains, Mark
Sent: Tuesday, May 13, 2014 2:53 PM
To: Kenneth Kolm; Latif Kalin; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas (Armitage.Thomas@epa.gov); Iris Goodman
Subject: Next Draft


Ken, Latif, Judy,


I received action items from Tom, Iris, and Amanda. There is quite a bit there. Amanda has offered to help us hit our
 deadline, especially in getting promised contributions from others on the panel. I also had a really productive
 conversation with Mark Murphy, who had already provided some written material following our recent conference
 calls. I think I can make quite a lot of progress toward our action items, especially with Amanda's and Mark's help.
 However, I'm likely to be very close to our deadline, which is May 19. I'm writing to see if you can hold some time
 around that deadline so you can receive and comment quickly on that draft before Tom, Iris, and Amanda have to
 incorporate it into the revised draft in advance of our next conference call.


Thanks.


Mark
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To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996; Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program (Sun et al. 1997). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Rains, Mark: Ken Kolm – Please consider these three previous comments. (Murphy makes a clarifying comment in the Recommendations for this subsection.)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





I was asked to consider comments regarding the above paragraph:





Given the SAB discussions on 4-dimensionality and scale, which I think are very appropriate and applicable to the connectivity discussion, most of the characterization studies in the literature tend to focus on the site scale and subregional scale, mostly due to cost, comfort zone of knowledge base particularly by discipline, and access to data measurement.  This makes the biological connectivity, on the “top” of the landscape system, and the subsurface hydrologic connectivity (groundwater, interflow), on the “bottom” of the landscape system, the most difficult to “see” or evaluate pathways for cascading effects regarding connectivity.  Biologists will tend not to regard the subsurface hydrologic system as something more than a shallow input/output (hence many of the piezometers in wetlands studies have a depth of a few inches or feet which actually give very inaccurate results for wetland hydrologic structure and function), and ground water hydrologists tend to regard the biologic factors as a “recharge” input of sorts, and so generalize.   The SAB discussions have revealed that there is biological literature on site and landscape scales that, if not its main purpose, documents connectivity between systems, and there is subsurface hydrology literature on site and landscape (“regional”) scales that, if not its main purpose, documents connectivity between systems.  I don’t see why the EPA or the SAB Panel should limit the depth of our connectivity knowledge.  





The examples cited above are to illustrate local, subregional, and regional systems where the groundwater flow systems DO NOT follow the surface water systems and actually cross watershed divides in some cases, yet, demonstrate major connectivity on a regional scale.  Karst and fractured volcanic bedrock are notorious for these kinds of systems (we could use the southern Indiana/Kentucky karst systems or the Yellowstone National Park systems as other examples).  The Great Basin system, mentioned in the comments, is actually notorious for groundwater flowing through mountain ranges from one watershed to another – the Ash Meadows/Death Valley Groundwater System is famous for this, which goes against the “traditional rules of thumb” for hydrology and topography, ie, hydrology follows topography.  





The final thought for a landscape hydrologist, that would be a hydrologist evaluating connectivity at the landscape scale, is this:  surface water, ground water, and wetlands are a continuum hence the ground water comment on p 2 lines 19-25.  This sounds trite, but the MESUREMENT, quantification, and conceptualization of these systems individually have evolved from different disciplines and have therefore been a barrier to connectivity approaches.  There is surface water modeling and evaluation, which considers ground water as an input output; ground water modeling and evaluation, which considers surface water and input output; and wetlands modeling, which can fall in either camp.  The mathematics of quantification is different for all three, and only in the last decade and a half have we begun to really resolve these differences (see references on quantification on surface water ground water interaction and modeling).  This is why I strongly suggest the inclusion of the term “ground water” directly into the text and discussion of hydrologic connectivity of surface water and wetlands less we tend to minimize its importance, including its quantification approach and body of literature.  













From: Jeanne Christie
To: Armitage, Thomas
Subject: RE: Oral public comments on the April 28th teleconference of the EPA Science Advisory Board Connectivity Panel
Date: Monday, April 28, 2014 1:03:13 PM


Tom, I am on the line for when I testify in a half hour or so. I have muted myself.
Jeanne Christie
Association of State Wetland Managers
(207) 892-3399 phone,(207) 892-3089 fax, (207) 310-8708 cell
website: aswm.org
blog: http://aswm.org/wordpress/
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From: Jeanne Christie
To: Armitage, Thomas
Subject: RE: Oral public comments on the April 28th teleconference of the EPA Science Advisory Board Connectivity Panel
Date: Monday, April 28, 2014 1:03:13 PM


Tom, I am on the line for when I testify in a half hour or so. I have muted myself.
 
Jeanne Christie
Association of State Wetland Managers
(207) 892-3399 phone,(207) 892-3089 fax, (207) 310-8708 cell
website: aswm.org
blog:  http://aswm.org/wordpress/
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From: Nugent, Angela
To: Armitage, Thomas; Brennan, Thomas
Subject: RE: Please review FR announcing Connectivity Panel teleconference on June 19th
Date: Monday, May 12, 2014 2:58:18 PM
Attachments: FRN Public Teleconferences Connectivity Panel June 19, 2014-AN.doc


I am suggesting two small edits, Tom.  Thanks for the chance to review.
 
Best,
Angela
 
_______________________________________
Angela Nugent, Ph.D.
Special Assistant/Designated Federal Officer
EPA Science Advisory Board Staff Office


Mailing Address:
US.Environmental Protection Agency
Mailcode 1400R
1200 Pennsylvania Avenue, NW
Washington, DC 20460


Physical Location/Deliveries 
The Science Advisory Board Staff Office
Ronald Reagan Building
1300 Pennsylvania Avenue
Suite 31150
Washington, DC 20004


Telephone: 202-564-2218; Main Fax: 202-565-2098  Secure Fax: 202-565-2091


Email: nugent.angela@epa.gov


 


From: Armitage, Thomas 
Sent: Monday, May 12, 2014 12:19 PM
To: Brennan, Thomas; Nugent, Angela
Subject: Please review FR announcing Connectivity Panel teleconference on June 19th
 


Please review attached FR notice announcing June 19th Connectivity Panel teleconference. Thanks.
 
Tom A.
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DRAFT






                                                                                                                              6560-50-P


ENVIRONMENTAL PROTECTION AGENCY


[FRL-    ]



Notification of a Public Teleconference of the



Science Advisory Board Panel for the Review of the



 EPA Water Body Connectivity Report


AGENCY:  Environmental Protection Agency (EPA).


ACTION:  Notice.


SUMMARY:  The EPA Science Advisory Board (SAB) Staff Office announces a public teleconference of the SAB Panel to discuss its draft advisory report concerning the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September, 2013 External Review Draft, EPA/600/R-11/098B).


DATES:  The public teleconference will be held on Thursday, June 19, 2014 from 1:00 p.m. to 5:00 p.m. (Eastern Time). 


LOCATION:  The public teleconferences will be conducted by telephone only.


FOR FURTHER INFORMATION CONTACT:  Any member of the public wishing to obtain information concerning the public teleconference may contact Dr. Thomas Armitage, Designated Federal Officer (DFO), EPA Science Advisory Board Staff Office (1400R), U.S. Environmental Protection Agency, 1200 Pennsylvania Avenue, NW, Washington, DC 20460; via telephone at (202) 564-2155 or via email at armitage.thomas@epa.gov. General information concerning the SAB as well as any updates concerning the teleconference announced in this notice may be found on the EPA website at http://www.epa.gov/sab.  



SUPPLEMENTARY INFORMATION:  


The SAB was established pursuant to the Environmental Research, Development, and Demonstration Authorization Act (ERDDAA), codified at 42 U.S.C. 4365, to provide independent scientific and technical advice to the Administrator on the technical basis for Agency positions and regulations. The SAB is a Federal Advisory Committee chartered under the Federal Advisory Committee Act (FACA), 5 U.S.C., App. 2.  The SAB will comply with the provisions of FACA and all appropriate SAB Staff Office procedural policies. Pursuant to FACA and EPA policy, notice is hereby given that the SAB Panel for the Review of the EPA Water Body Connectivity Report will hold a public teleconference to discuss its draft advisory report concerning the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September, 2013 External Review Draft, EPA/600/R-11/098B). This SAB panel will provide advice to the Administrator through the chartered SAB.


BACKGROUND: The SAB Panel for the Review of the EPA Water Body Connectivity Report previously held a face-to-face meeting on December 16-18, 2013 to conduct a peer review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September, 2013 External Review Draft, EPA/600/R-11/098B) [Federal Register Notice dated September 24, 2013 (78 FR 58536-58537)]. The Panel also held public teleconferences on April 28, 2014 and May 2, 2014 to discuss its draft advisory report [Federal Register Notice dated April 1, 2014 (79 FR 18293-18294)]. Specifically, the Panel has been asked to evaluate: the clarity and technical accuracy of the EPA document, whether it includes the most relevant peer reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. The purpose of the upcoming teleconference is for the SAB Panel to continue discussing its draft advisory report.   


Availability of Meeting Materials:  Teleconference agenda, the SAB Panel’s draft advisory report, and any other meeting materials will be placed on the SAB Web at http://www.epa.gov/sab in advance of the teleconference. For technical questions and information concerning the EPA document, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September, 2013 External Review Draft, EPA/600/R-11/098B), please contact Dr. Laurie Alexander, National Center for Environmental Assessment, Office of Research and Development, U.S. EPA, 1200 Pennsylvania Avenue NW, Mail Code 8623P, Washington, DC 20460, telephone (703) 347-8630 or via email at alexander.laurie@epa.gov.



Procedures for Providing Public Input:  Public comment for consideration by EPA's federal advisory committees and panels has a different purpose from public comment provided to EPA program offices.  Therefore, the process for submitting comments to a federal advisory committee is different from the process used to submit comments to an EPA program office.


Federal advisory committees and panels, including scientific advisory committees, provide independent advice to EPA. Members of the public can submit comments for a federal advisory committee to consider as it develops advice for EPA.  Input from the public to the SAB will have the most impact if it provides specific scientific or technical information or analysis for SAB panels to consider or if it relates to the clarity or accuracy of the technical information.  Members of the public wishing to provide oral statements to the SAB Panel should contact the DFO directly. Oral Statements:  In general, individuals or groups requesting an oral presentation at a public teleconference will be limited to three minutes. Interested parties should contact Dr. Thomas Armitage, DFO, in writing (preferably via e-mail) at the contact information noted above by


June 16, 2014 to be placed on the list of public speakers. Written Statements:  Members of the public wishing to provide written comments may submit them to the EPA Docket electronically via www.regulations.gov by e-mail, by mail, or by hand delivery/courier. Please follow the detailed instructions provided in the written statements section of this notice. Written statements should be received in the EPA Docket by June 16, 2014 so that the information may be made available to the SAB Panel for its consideration. Written statements should be identified by Docket ID No. EPA-HQ-OA-2013-0582 and submitted to the Docket at www.regulations.gov by one of the following methods:



· www.regulations.gov:  Follow the on-line instructions for submitting comments.



· E-mail: Docket_OEI@epa.gov:   Include the docket number in the subject line of the message.



· Mail:  Office of Environmental Information (OEI) Docket (Mail Code: 28221T), Docket ID No. EPA-HQ-OA-2013-0582, U.S. Environmental Protection Agency, 1200 Pennsylvania Ave., NW, Washington, DC 20460. The phone number is (202) 566-1752. 



· Hand Delivery:  The OEI Docket is located in the EPA headquarters Docket Center, Room 3334, EPA West Building, 1301 Constitution Ave., NW, Washington, DC. The EPA Docket Center Public Reading Room is open from 8:30 a.m. to 4:30 p.m., Monday through Friday, excluding legal holidays. The telephone number for the Public Reading Room is (202) 566-1744. Deliveries are only accepted during the docket’s normal hours of operation, and special arrangements should be made for deliveries of boxed information. 



Direct your comments to Docket ID No. EPA-HQ-OA-2013-0582.  Please ensure that your comments are submitted by June 16, 2014. Comments received after that date will be marked late and may not be provided to the SAB Panel for consideration before the June 19, 2014 teleconference. It is EPA’s policy to include all comments received in the public docket without change and to make the comments available on-line at www.regulations.gov, including any personal information provided, unless a comment includes information claimed to be Confidential Business Information (CBI) or other information whose disclosure is restricted by statute. Do not submit information that you consider to be CBI or otherwise protected through www.regulations.gov or e-mail. The www.regulations.gov website is an “anonymous access” system, which means EPA will not know your identity or contact information unless you provide it in the body of your comment. If you send an e-mail directly to EPA without going through www.regulations.gov, your e-mail address will be automatically captured and included as part of the comment that is placed in the public docket and made available on the Internet. If you submit an electronic comment, EPA recommends that you include your name and other contact information in the body of your comment and with any disk or CD-ROM you submit. If EPA cannot read your comments due to technical difficulties and cannot contact you for clarification, the SAB Panel may not be able to consider your comments. Electronic files should avoid the use of special characters and any form of encryption and be free of any defects or viruses. For additional information about EPA’s public docket, visit the EPA Docket Center homepage at www.epa.gov/epahome/dockets.htm. 



Documents in the docket are listed in the www.regulations.gov index. Although listed in the index, some information is not publicly available, e.g., CBI or other information whose disclosure is restricted by statute. Certain other material, such as copyrighted material will be publicly available only in hard copy. Publicly available docket materials are available either electronically at www.regulations.gov or in hard copy at the OEI Docket in the EPA Headquarters Docket Center.



Accessibility:  For information on access or services for individuals with disabilities, please contact Dr. Thomas Armitage at (202) 564-2155 or armitage.thomas@epa.gov.  To request accommodation of a disability, please contact Dr. Armitage preferably at least ten days prior to the teleconference to give EPA as much time as possible to process your request.


______________ 


   _______________________________________


Dated:




   Thomas H. Brennan,







   Deputy Director,







   EPA Science Advisory Staff Office.
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From: Armitage, Thomas
To: Emma Rosi-Marshall
Subject: RE: Reminder -- Please send me your comments on the SAB Connectivity Panel"s draft report
Date: Monday, April 28, 2014 1:13:00 PM


No problem please feel free to raise issues on the call.
 
From: Emma Rosi-Marshall [mailto:rosimarshalle@caryinstitute.org] 
Sent: Monday, April 28, 2014 1:13 PM
To: Armitage, Thomas
Subject: Re: Reminder -- Please send me your comments on the SAB Connectivity Panel's draft
 report
 
Dear Tom,
I just realized that the email that I meant to send to you on April 18th.  Somehow this email
 was still in my "draft box".  I am not sure how this happened.  I am very sorry that this was
 not sent earlier.


Dear Tom,
 
I am attaching my edits to the SAB report.  Other than these minor edits, the report accurately
 reflects the discussions of the SAB and is very well constructed. 


Sincerely, 
Emma


Emma J. Rosi-Marshall
Associate Scientist
Cary Institute of Ecosystem Studies
2801 Sharon Turnpike AB
Millbrook, NY 12545
845-677-7600 ext 232


http://www.caryinstitute.org/science-program/our-scientists/dr-emma-j-rosi-marshall


 


On Wed, Apr 16, 2014 at 11:26 AM, Armitage, Thomas <Armitage.Thomas@epa.gov>
 wrote:


Dear Panel Members,
 
This is a reminder to please send me your edits and comments on the Connectivity Panel’s
 draft report.  As previously indicated, I would like to receive your comments on the draft
 report by Friday, April 18th so they can be compiled in preparation for the Panel’s
 teleconferences on April 28th and May 2nd.  Thanks very much.
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Tom Armitage
 
***********************************************************
Thomas Armitage, Ph.D.
Designated Federal Officer
EPA Science Advisory Board Staff Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Regular mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Ave., N.W., 
 Washington, D.C.  20460
 
Office location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
From: Armitage, Thomas 
Sent: Wednesday, March 26, 2014 10:53 AM
Cc: 'adr79@cornell.edu'; Brennan, Thomas; Goodman, Iris; Armitage, Thomas
Subject: Action requested: Please review the SAB Connectivity Panel's draft report
 
Dear SAB Connectivity Panel Members,
 
Dr. Rodewald has asked me to send you the attached draft of the SAB Connectivity Panel’s
 report for review. The charge question responses developed by the lead writers have been
 incorporated into the report and a draft letter to the EPA Administrator and executive
 summary have been included. Please review the draft report and send me your comments
 by Friday, April 18th.  I will compile the Panel’s comments for your discussion on the
 public teleconferences to be held on April 28th  and May 2nd (1:00 -5:00 p.m. Eastern
 Time).  The call-in number for both teleconferences is 1-866-299-3188 and the conference code is
 2023439995#. 
 
On the upcoming teleconferences we will discuss the draft report and focus on substantive
 issues that: may lack consensus, be inaccurate or problematic, need additional explanation
 or context, or need to be added. We will also discuss the executive summary and the letter
 to the Administrator.  The letter to the Administrator is usually read by EPA senior
 managers, the executive summary is usually read by technical managers, and the body of
 the of the report is read by the EPA technical staff. In your review, please consider whether
 the appropriate points are included, with the appropriate level of detail, in those respective
 parts of the report.  Please also consider whether the recommendations listed as bullets at
 the end of each section of the report represent the Panel’s key recommendations. I have
 attached both PDF and Word files containing the draft report.  If you wish to provide
 editorial comments that do not have to be discussed, please also send them to me so they
 can be incorporated into the report.
 
After the Panel reaches consensus on its draft report, the report will be sent to the chartered
 SAB for quality review. The chartered SAB quality review is focused on four areas:
 whether the charge questions were adequately answered, whether there were any technical
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 errors or omissions in the report or issues that were inadequately dealt with, whether the
 report was clear and logical, and whether the conclusions and recommendations were
 supported by the body of the report. After the chartered SAB approves the report, it will be
 transmitted to the Administrator.
 
The EPA has released its proposed rule clarifying the definition of waters of the United
 States under the Clean Water Act and, as indicated at the Panel meeting in December, we
 are providing it to you. The proposed rule is available on the EPA website at the following
 URL:   www.epa.gov/uswaters .
 
I will send you the agendas for the upcoming teleconferences and any public comments that
 are submitted for your consideration. Please feel free to contact me if you have questions.
 
Regards,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: Rains, Mark; "Amanda Rodewald (adr79@cornell.edu)"; Goodman, Iris
Cc: "Kenneth Kolm"; "Latif Kalin"; "Judy Meyer (judymeye@gmail.com)"
Subject: RE: Revisions
Date: Thursday, May 08, 2014 2:35:00 PM


Hi Mark,


Tomorrow I will be sending action items and deadlines to those who have assignments.  Sorry I did not send it
 sooner, it took some time to compile the list of assignments from the teleconference notes.


In preparing the revised draft of Section 3.2  please feel free to decide how to resolve the comments based on the
 discussion on the teleconferences.  Amanda will be reviewing the revised report again before it is sent to the Panel. 
 If you have questions as you are revising the draft please let me know and we can consult her.


I know you will be preparing some new material for section 3.2.  Please feel free to insert your new material where
 you think it should be included.


Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004


-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu]
Sent: Thursday, May 08, 2014 12:04 PM
To: 'Amanda Rodewald (adr79@cornell.edu)'; Armitage, Thomas; Goodman, Iris
Cc: 'Kenneth Kolm'; 'Latif Kalin'; 'Judy Meyer (judymeye@gmail.com)'
Subject: Revisions


Hi Tom, Iris, Amanda,


Two questions:


1. Are we going to get some meeting notes, writing assignments, and deadlines from leadership?
2. Are we supposed to resolve the comments made in MS Word Track Changes? If so, then how are we supposed to
 handle totally new material, e.g., new paragraphs about new issues that haven't been fully discussed? Should we
 accept or reject on our own grounds? Or do we also have the option of leaving the material in, with a marginal note
 indicating that we want feedback from the entire group?


Thanks.


Mark
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From: Armitage, Thomas
To: Stenger, Jennifer A
Subject: RE: SAB - Connectivity Report Call
Date: Monday, April 28, 2014 11:42:00 AM


Thanks.
 
Per your request, the call-in number to listen to teleconferences of the Science Advisory Board Panel
 for the Review of the EPA Water Body Connectivity Report on April 28th and May 2nd is 1-866-299-
3188.  After dialing the call-in number, please enter the following conference code at the prompt:
 2023439946# . 
 
Please note that this call-in number is for listening only. 
 
The audio to listen to these teleconferences will also be streamed live through the internet. The link
 to listen to the teleconferences on the internet is provided on the SAB website at the following URL.
 teleconference. The meeting materials for both teleconferences are also available at the following
 URL.
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
 
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 


From: Stenger, Jennifer A [mailto:Jennifer.Stenger@duke-energy.com] 
Sent: Monday, April 28, 2014 11:35 AM
To: Armitage, Thomas
Subject: SAB - Connectivity Report Call
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Thomas – I will be calling in for the SAB Meeting call today and on Friday. Thanks!
 
Jennifer Stenger, P.E. | Environmental Policy Analysis & Strategy, Director | Duke Energy
299 First Avenue North, FL 163  |  St. Petersburg, FL  33701 |  727.820.5628 | jennifer.stenger@duke-energy.com
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From: Valett, Maury
To: Armitage, Thomas
Cc: Goodman, Iris; Brennan, Thomas; Pozun, Diana
Subject: RE: SAB Connectivity Panel meeting on June 19th
Date: Thursday, May 01, 2014 1:07:29 PM


Hi Tom et al.,
 
I will call in about 45 min late on Friday.
 
Cheers,
 
Maury
 
Dr. H. Maurice Valett
Division of Biological Sciences
HS 513A
University of Montana
Missoula, MT 59812
maury.valett@umontana.edu
406-243-6058
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Thursday, May 01, 2014 10:56 AM
Cc: Goodman, Iris; Brennan, Thomas; Pozun, Diana
Subject: SAB Connectivity Panel meeting on June 19th
 
Dear SAB Connectivity Panel members,
 


I look forward to talking with you on the teleconference on Friday (May 2nd) from 1:00 -5:00 p.m.
 Eastern Time (call-in number 1-866-299-3188, conference code 2023439995#) to continue the
 discussion of the Panel’s draft review of the EPA’s science synthesis report.
 


As you know, the SAB Office tentatively scheduled a Panel teleconference on June 9th and a Panel


 face-to-face meeting on June 19th to provide advice on the scientific and technical basis of EPA’s
 proposed rule clarifying the definition of waters of the U.S.  At this time both the chartered SAB and
 the Agency are still considering options for review of the adequacy of the science to support the


 proposed rule.  Therefore we will not hold the June 9th teleconference and June 19th meeting for
 that review.  More information will be provided when it is available.
 


Meanwhile, we ask that you continue to reserve the dates of June 9th and June 19th until we
 determine whether additional meetings are needed to complete the discussion of the Panel’s draft
 review of the EPA’s science synthesis report. 
 
Regards,
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Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 








From: Armitage, Thomas
To: Valett, Maury
Subject: RE: SAB Connectivity Panel meeting on June 19th
Date: Thursday, May 01, 2014 1:30:00 PM


Thanks Maury,  Look forward to talking tomorrow.
 
Tom Armitage
 


From: Valett, Maury [mailto:maury.valett@mso.umt.edu] 
Sent: Thursday, May 01, 2014 1:07 PM
To: Armitage, Thomas
Cc: Goodman, Iris; Brennan, Thomas; Pozun, Diana
Subject: RE: SAB Connectivity Panel meeting on June 19th
 
Hi Tom et al.,
 
I will call in about 45 min late on Friday.
 
Cheers,
 
Maury
 
Dr. H. Maurice Valett
Division of Biological Sciences
HS 513A
University of Montana
Missoula, MT 59812
maury.valett@umontana.edu
406-243-6058
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Thursday, May 01, 2014 10:56 AM
Cc: Goodman, Iris; Brennan, Thomas; Pozun, Diana
Subject: SAB Connectivity Panel meeting on June 19th
 
Dear SAB Connectivity Panel members,
 


I look forward to talking with you on the teleconference on Friday (May 2nd) from 1:00 -5:00 p.m.
 Eastern Time (call-in number 1-866-299-3188, conference code 2023439995#) to continue the
 discussion of the Panel’s draft review of the EPA’s science synthesis report.
 


As you know, the SAB Office tentatively scheduled a Panel teleconference on June 9th and a Panel


 face-to-face meeting on June 19th to provide advice on the scientific and technical basis of EPA’s
 proposed rule clarifying the definition of waters of the U.S.  At this time both the chartered SAB and
 the Agency are still considering options for review of the adequacy of the science to support the



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

mailto:maury.valett@mso.umt.edu

mailto:maury.valett@umontana.edu

mailto:Armitage.Thomas@epa.gov





 proposed rule.  Therefore we will not hold the June 9th teleconference and June 19th meeting for
 that review.  More information will be provided when it is available.
 


Meanwhile, we ask that you continue to reserve the dates of June 9th and June 19th until we
 determine whether additional meetings are needed to complete the discussion of the Panel’s draft
 review of the EPA’s science synthesis report. 
 
Regards,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: "Jerry Worsham"
Subject: RE: SAB Teleconference (May 2, 2014) Proposed Rule- Clean Water Act Jurisdiction
Date: Thursday, May 01, 2014 2:24:00 PM


Dear Mr. Worsham,
 


All meeting materials for the SAB Panel teleconferences on April 28th and May 2nd are posted on the
 SAB website at the following URL: 
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
 
Meeting minutes will be posted on the website when they are certified by the Panel Chair.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Jerry Worsham [mailto:JWorsham@rhlfirm.com] 
Sent: Thursday, May 01, 2014 1:53 PM
To: Armitage, Thomas
Subject: SAB Teleconference (May 2, 2014) Proposed Rule- Clean Water Act Jurisdiction
 
Tom:
I will be unable to participate in the teleconference tomorrow but would appreciate a copy of any
 “presentation materials”  for review.  Could you make sure that I get a copy and send them by
 email?  Call me direct at  with any questions.
 
Thanks. 
 
Jerry
______________ 
Jerry D. Worsham II 
Member 
Ridenour, Hienton & Lewis, P.L.L.C. 
Chase Tower 
201 North Central Avenue, Suite 3300 
Phoenix, Arizona 85004 
E. jworsham@rhlfirm.com | O. 602.254.9900 | F. 602.254-8670 | W. www.rhlfirm.com
This electronic mail transmission contains information from the law firm of Ridenour, Hienton & Lewis, P L.L.C. that may be confidential or


(b) (6)







 privileged. Such information is solely for the intended recipient, and use by any other party is not authorized. If you are not the intended
 recipient, be aware that any disclosure, copying, distribution or use of this message, its contents or any attachments is prohibited. Any
 wrongful interception of this message is punishable as a Federal Crime. If you have received this message in error, please notify the sender


 immediately by telephone at (602) 254-9900 or by electronic mail at jworsham@rhlfirm.com
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From: Armitage, Thomas
To: Alexander, Laurie
Subject: RE: SAB Teleconference, May 2, 2014
Date: Friday, May 02, 2014 12:45:00 PM


Thanks Laurie.  That’s good.


_____________________________________________
From: Alexander, Laurie
Sent: Friday, May 02, 2014 12:34 PM
To: Armitage, Thomas
Cc: Frithsen, Jeff
Subject: SAB Teleconference, May 2, 2014


Hi Tom,


Unless you say otherwise, I plan to call-in today using the panel’s 2-way number.  Although I
 don’t expect to be asked any questions, this way I will be available to do so if needed.


I’ve asked our co-authors to use the audio link on the SAB meeting website for today’s call. On
 Monday.


Best regards,


Laurie


Laurie C. Alexander, Ph.D.  |   703.347.8630


Office of Research and Development


Environmental Protection Agency


1200 Pennsylvania Ave. NW (8623-P)


Washington, DC 20460
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From: Randy
To: Armitage, Thomas
Subject: RE: SAB panel for the review of the EPA Water Body Connectivity Report
Date: Monday, April 28, 2014 5:31:05 PM


Thanks Thomas – the web connection worked well for a couple hours but then simply cut off and I
 could not get the sound back even though I reconnected to the same site. Did others have the same
 experience? Thank you for the alternate call-in information.
Regards,
Randy Stookey
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Monday, April 28, 2014 4:28 PM
To: Randy
Subject: RE: SAB panel for the review of the EPA Water Body Connectivity Report
 
 
I am sorry the web connection did not work well.  Please use the following call-in number if you
 don’t want to use the web connection for the call on Friday.
 
Call in number 1-866-299-3188
 
Conference code: 2023439946#
 
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From: Randy [mailto:Randy@kansasag.org] 
Sent: Monday, April 28, 2014 3:44 PM
To: Armitage, Thomas
Subject: SAB panel for the review of the EPA Water Body Connectivity Report
 
Thomas – I’m listening in to the meeting via the web and the sound just shut off.
Regards,
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Randy Stookey
 
Randy E. Stookey, esq.
Vice President and General Counsel
Kansas Grain and Feed Association
Kansas Agribusiness Retailers Association
Kansas Association of Ethanol Processors
816 SW Tyler, Topeka, Kansas  66612
P: 785.234.0461 | c: 785.220.5211 | f: 785.234.2930
randy@kansasag.org
 
Serving Agribusiness Since 1896.
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From: Armitage, Thomas
To: "Randy"
Subject: RE: SAB panel for the review of the EPA Water Body Connectivity Report
Date: Monday, April 28, 2014 5:27:00 PM


 
I am sorry the web connection did not work well.  Please use the following call-in number if you
 don’t want to use the web connection for the call on Friday.
 
Call in number 1-866-299-3188
 
Conference code: 2023439946#
 
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From: Randy [mailto:Randy@kansasag.org] 
Sent: Monday, April 28, 2014 3:44 PM
To: Armitage, Thomas
Subject: SAB panel for the review of the EPA Water Body Connectivity Report
 
Thomas – I’m listening in to the meeting via the web and the sound just shut off.
Regards,
Randy Stookey
 
Randy E. Stookey, esq.
Vice President and General Counsel
Kansas Grain and Feed Association
Kansas Agribusiness Retailers Association
Kansas Association of Ethanol Processors
816 SW Tyler, Topeka, Kansas  66612
P: 785.234.0461 | c: 785.220.5211 | f: 785.234.2930
randy@kansasag.org
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Serving Agribusiness Since 1896.
 
 








From: Emma Rosi-Marshall
To: Armitage, Thomas; Harvey, Judson; Fausch,Kurt
Subject: New draft of section 3.3 of the SAB connectivity report
Date: Thursday, May 08, 2014 8:38:53 AM
Attachments: SAB EPA Connectivity Report Section 3.3 8May2014 ERM.docx


Dear Tom, 
I have worked with my group (Drs. Fausch and Harvey) to draft a revised section of the report
 (see attached).  This version incorporates both the written comments and those discussed in
 our conference call last week.  I have left citations in comments as those need to be added to
 the citations at the end of the report.  


Thank you and let me know if you need anything else from me (or my group). 
Sincerely, 
Emma Rosi-Marshall


Emma J. Rosi-Marshall
Associate Scientist
Cary Institute of Ecosystem Studies
2801 Sharon Turnpike AB
Millbrook, NY 12545
845-677-7600 ext 232


http://www.caryinstitute.org/science-program/our-scientists/dr-emma-j-rosi-marshall
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams	





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an extensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. 





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and off-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow paths) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas). The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion is also needed of the geomorphological control of soil moisture and patch diversity that impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss both sediments and sediment-bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus) such as contaminants, and to also consider nutrient and contaminant transformation processes and the effect of these processes on downstream water quality, if known. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, sediments, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. Upslope factors affect the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature and downstream connectivity. The SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics (Callahan et al. In Press). In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity and vice versa.	Comment by Mark Rains: Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity and vice versa. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity  	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.








The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. Connections that are highly variable in time can also be important to biota, and influence the biological integrity of downstream waters, such as when fish or amphibians breed in habitats that are dry most of the year or for several years.  The timescale of these temporally variable connections (i.e. connected at certain times) could range from seasons, years, decades to centuries.  In addition, some aspects of connectivity occur over relatively short times frames and are highly stochastic but can be represent important connections to downstream ecosystems.  For example, major erosion or woody debris fluxes that occur infrequently during high runoff events may represent major sources of sediments or large wood to downstream ecosystems. 





The SAB finds that Chapter 4 would benefit from a separate section on this topic. The SAB recommends that the report characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) that explicitly connect these ecosystems to downstream waters.  For example, the report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. Moreover, the SAB emphasizes that the report should explore the effect of short duration connections on downstream ecosystems. The report would benefit from a discussion of how even short duration and highly episodic flow connections can be important to downstream ecosystems. 





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration high flows and longer duration periods of dry conditions and the effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the natural temporal dimensions of connectivity (e.g., water withdrawal or augmentation can alter the timing a during of flow). Overall, the SAB recommends that report include a clear discussion how intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the consequences of these connections for physical, chemical, and biological integrity. 





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of time-varying flow connections: McDonough et al., 2011; Levick et al., 2008; Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Windows User: Levick, L.R. and others (2008) The Ecological and Hydrological 
Significance of Ephemeral and 
Intermittent Streams in the Arid and 
Semi-arid American Southwest , EPA/600/R-08/134 ARS/233046, 
November 2008

McDonough, O.T., Hosen, J.D., and M.A. Palmer (2011) The hydrology, geography, and ecology of non-perennially flowing waters, in “River Ecosystems: Dynamics, Management and Conservation, Elliot, H.S., and Martin, L.E. (Eds.), NOVA Science Publishers, ISBN: 978-1-61209-145-7, 2011.






Recommendations





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment, downstream water quality, and biological integrity. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout aquatic and riparian systems (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles (e.g., Fausch et al. 2002; Kanno et al. 2014).	Comment by Kurt Fausch: Kanno, Y., B.H. Letcher, J.A. Coombs, K.H. Nislow, and A.R. Whiteley. 2014. Linking movement and reproductive history of brook trout to assess habitat connectivity in a heterogeneous stream network. Freshwater Biology 59(1): 142-154.



·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters (Falke et al. 2010).


·    These mobile species include many different taxa, even within fish, and  encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed, or the connections are lost (e.g., owing to constructed barriers; e.g., Fausch and Bestgen 1997). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts (Vaughn 2012; Schwalb et al. 2013).	Comment by Kurt Fausch: Vaughn, C. C. 2012.  Life history traits and abundance can predict local colonisation and extinction rates of freshwater mussels. FRESHWATER BIOLOGY  57 : 982-992. 


Schwalb, A. N., T. J. Morris, N. E. Mandrak, and K. Cottenie.  2013.  Distribution of unionid freshwater mussels depends on the distribution of host ﬁshes on a regional scale.  Diversity and Distributions 19: 446–454.





Recommendation





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the current version of the report generally excluded the many studies that have been conducted in human-modified stream ecosystems.  The SAB agreed that there are many insights to be gained about the importance of connectivity to downstream waters, either when connections are severed or enhanced. Including additional information from this large area of research will provide more examples of the importance of connectivity, and the SAB agreed that human-modified systems should not be excluded from the report. 	Comment by Allan: (Allan) Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.





The SAB recommends that writers of the report consider including examples from at least some of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low-head dams, grade control structures, stream restoration, accelerated erosion, sediment transport and storage, stream restoration, and effluent dominated streams. 





The following references (and others that are similar) could be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005).





Recommendations





· The draft Report should be revised to include information about the consequences of human alteration of headwater systems on their connectivity and concomitant effects on the water quantity and quality and biota of downstream ecosystems. These revisions could, for example, include discussion of some of these topics listed above.





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams on their connectivity to downstream waters. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical approaches. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the just the SPARROW model (SPAtially Referenced Regressions On Watershed attributes) and encompass the numerous modeling and empirical approaches that have been used.  In addition, the report could draw on examples from literature that investigates the movement of sediments through watershed for examining aggregate and cumulative effects on downstream waters. 





[bookmark: _GoBack]The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8	Expanding the Discussion to Emphasize the Importance of Connections to the Broader Riverine Landscape  





The report focuses primarily on the connections among components of the aquatic system, including not only hydrologic connections but also those made by organisms that walk, crawl, or fly between water bodies.  However, the SAB commented that the physical, chemical, and biological integrity of downstream waters also depends on the presence of intact headwaters, and the integrity of these headwater ecosystems depends on critical connections between streams and the broader riverine landscape.  Given this, the SAB felt that more emphasis could be placed on the importance of these connections to the integrity of downstream waters.  





For example, the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function, but include effects of inputs of leaf litter and terrestrial insects on downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature. These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.





The SAB also recommends adding information to address the importance of food-web connections from riparian zones to streams that support aquatic organisms.  Organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. Following are key points that should be included:





1) Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply essential carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals (e.g., Wallace et al. 1997; Baxter et al. 2005). 	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  





2) Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators (e.g., Nakano and Murakami 2001; Wipfli and Baxter 2010).





3) These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters.  Data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections between streams and riparian zones (Fausch et al. 2010). 





Overall, these food webs integrate key connections across aquatic and terrestrial landscapes and therefore provide a useful framework through which to view the role of riverine landscapes in connectivity among aquatic ecosystems.





Recommendations 





· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





· The SAB recommends adding information to the Report to document the importance of reciprocal food-web connections between riparian zones and streams on the integrity of the ecosystems that are connected to downstream waters


 


3.3.10.	Clarifying How Case Studies Were Selected  





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report. 





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report could contain a case study that illustrates the downstream effects of human-modified systems. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples. 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams, including streams with evaporative losses, and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral and intermittent streams to downstream waters. In addition, as previously discussed, even ephemeral and intermittent streams and short duration surface water connections in source water areas may have substantial effects on the chemical and biological integrity of downstream waters. 





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012), Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004, Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy) Osterkamp, W. R., L. J. Lane, and C. S. Savard. "RECHARGE ESTIMATES USING A GEOMORPHIC/ DISTRIBUTED‐ PARAMETER SIMULATION APPROACH, AMARGOSA RWER BASIN1." JAWRA Journal of the American Water Resources Association 30, no. 3 (1994): 493-507.

Graf, W. L. (1988). Fluvial processes in dryland rivers (Vol. 3). New York: Springer.

Goodrich, D. C., Williams, D. G., Unkrich, C. L., Hogan, J. F., Scott, R. L., Hultine, K. R., ... & Miller, S. (2004). Comparison of methods to estimate ephemeral channel recharge, Walnut Gulch, San Pedro River basin, Arizona. Water Science and Application, 9, 77-99.	Comment by Murphy: (Murphy) Hernandez, M., Miller, S. N., Goodrich, D. C., Goff, B. F., Kepner, W. G., Edmonds, C. M., & Jones, K. B. (2000). Modeling runoff response to land cover and rainfall spatial variability in semi-arid watersheds. In Monitoring Ecological Condition in the Western United States (pp. 285-298). Springer Netherlands.

Stratton, B. T., Sridhar, V., Gribb, M. M., McNamara, J. P., & Narasimhan, B. (2009). Modeling the Spatially Varying Water Balance Processes in a Semiarid Mountainous Watershed of Idaho1. JAWRA Journal of the American Water Resources Association, 45(6), 1390-1408.





Recommendations





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 (e.g. for subsections on temperature, chemical, and biological connections). In particular, the SAB recommends that the Report contain a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams to downstream waters.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 
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Subject: Next Draft
Date: Tuesday, May 13, 2014 2:53:10 PM


Ken, Latif, Judy,


I received action items from Tom, Iris, and Amanda. There is quite a bit there. Amanda has offered to help us hit our
 deadline, especially in getting promised contributions from others on the panel. I also had a really productive
 conversation with Mark Murphy, who had already provided some written material following our recent conference
 calls. I think I can make quite a lot of progress toward our action items, especially with Amanda's and Mark's help.
 However, I'm likely to be very close to our deadline, which is May 19. I'm writing to see if you can hold some time
 around that deadline so you can receive and comment quickly on that draft before Tom, Iris, and Amanda have to
 incorporate it into the revised draft in advance of our next conference call.
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                                                                                                                              6560-50-P


ENVIRONMENTAL PROTECTION AGENCY


[FRL-    ]



Notification of a Public Teleconference of the



Science Advisory Board Panel for the Review of the



 EPA Water Body Connectivity Report


AGENCY:  Environmental Protection Agency (EPA).


ACTION:  Notice.


SUMMARY:  The EPA Science Advisory Board (SAB) Staff Office announces a public teleconference of the SAB Panel to discuss its draft advisory report concerning the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September, 2013 External Review Draft, EPA/600/R-11/098B).


DATES:  The public teleconference will be held on Thursday, June 19, 2014 from 1:00 p.m. to 5:00 p.m. (Eastern Time). 


LOCATION:  The public teleconferences will be conducted by telephone only.


FOR FURTHER INFORMATION CONTACT:  Any member of the public wishing to obtain information concerning the public teleconference may contact Dr. Thomas Armitage, Designated Federal Officer (DFO), EPA Science Advisory Board Staff Office (1400R), U.S. Environmental Protection Agency, 1200 Pennsylvania Avenue, NW, Washington, DC 20460; via telephone at (202) 564-2155 or via email at armitage.thomas@epa.gov. General information concerning the SAB as well as any updates concerning the teleconference announced in this notice may be found on the EPA website at http://www.epa.gov/sab.  



SUPPLEMENTARY INFORMATION:  


The SAB was established pursuant to the Environmental Research, Development, and Demonstration Authorization Act (ERDDAA), codified at 42 U.S.C. 4365, to provide independent scientific and technical advice to the Administrator on the technical basis for Agency positions and regulations. The SAB is a Federal Advisory Committee chartered under the Federal Advisory Committee Act (FACA), 5 U.S.C., App. 2.  The SAB will comply with the provisions of FACA and all appropriate SAB Staff Office procedural policies. Pursuant to FACA and EPA policy, notice is hereby given that the SAB Panel for the Review of the EPA Water Body Connectivity Report will hold a public teleconference to discuss its draft advisory report concerning the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September, 2013 External Review Draft, EPA/600/R-11/098B). This SAB panel will provide advice to the Administrator through the chartered SAB.


BACKGROUND: The SAB Panel for the Review of the EPA Water Body Connectivity Report previously held a face-to-face meeting on December 16-18, 2013 to conduct a peer review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September, 2013 External Review Draft, EPA/600/R-11/098B) [Federal Register Notice dated September 24, 2013 (78 FR 58536-58537)]. The Panel also held public teleconferences on April 28, 2014 and May 2, 2014 to discuss its draft advisory report [Federal Register Notice dated April 1, 2014 (79 FR 18293-18294). Specifically, the Panel has been asked to evaluate: the clarity and technical accuracy of the EPA document, whether it includes the most relevant peer reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. The purpose of the upcoming teleconference is for the SAB Panel to discuss its draft advisory report.   


Availability of Meeting Materials:  Teleconference agenda, the SAB Panel’s draft advisory report, and any other meeting materials will be placed on the SAB Web at http://www.epa.gov/sab in advance of the teleconference. For technical questions and information concerning the EPA document, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September, 2013 External Review Draft, EPA/600/R-11/098B), please contact Dr. Laurie Alexander, National Center for Environmental Assessment, Office of Research and Development, U.S. EPA, 1200 Pennsylvania Avenue NW, Mail Code 8623P, Washington, DC 20460, telephone (703) 347-8630 or via email at alexander.laurie@epa.gov.



Procedures for Providing Public Input:  Public comment for consideration by EPA's federal advisory committees and panels has a different purpose from public comment provided to EPA program offices.  Therefore, the process for submitting comments to a federal advisory committee is different from the process used to submit comments to an EPA program office.


Federal advisory committees and panels, including scientific advisory committees, provide independent advice to EPA. Members of the public can submit comments for a federal advisory committee to consider as it develops advice for EPA.  Input from the public to the SAB will have the most impact if it provides specific scientific or technical information or analysis for SAB panels to consider or if it relates to the clarity or accuracy of the technical information.  Members of the public wishing to provide oral statements to the SAB Panel should contact the DFO directly. Oral Statements:  In general, individuals or groups requesting an oral presentation at a public teleconference will be limited to three minutes. Interested parties should contact Dr. Thomas Armitage, DFO, in writing (preferably via e-mail) at the contact information noted above by


June 16, 2014 to be placed on the list of public speakers. Written Statements:  Members of the public wishing to provide written comments may submit them to the EPA Docket electronically via www.regulations.gov by e-mail, by mail, or by hand delivery/courier. Please follow the detailed instructions provided in the written statements section of this notice. Written statements should be received in the EPA Docket by June 16, 2014 so that the information may be made available to the SAB Panel for its consideration. Written statements should be identified by Docket ID No. EPA-HQ-OA-2013-0582 and submitted to the Docket at www.regulations.gov by one of the following methods:



· www.regulations.gov:  Follow the on-line instructions for submitting comments.



· E-mail: Docket_OEI@epa.gov:   Include the docket number in the subject line of the message.



· Mail:  Office of Environmental Information (OEI) Docket (Mail Code: 28221T), Docket ID No. EPA-HQ-OA-2013-0582, U.S. Environmental Protection Agency, 1200 Pennsylvania Ave., NW, Washington, DC 20460. The phone number is (202) 566-1752. 



· Hand Delivery:  The OEI Docket is located in the EPA headquarters Docket Center, Room 3334, EPA West Building, 1301 Constitution Ave., NW, Washington, DC. The EPA Docket Center Public Reading Room is open from 8:30 a.m. to 4:30 p.m., Monday through Friday, excluding legal holidays. The telephone number for the Public Reading Room is (202) 566-1744. Deliveries are only accepted during the docket’s normal hours of operation, and special arrangements should be made for deliveries of boxed information. 



Direct your comments to Docket ID No. EPA-HQ-OA-2013-0582.  Please ensure that your comments are submitted by June 16, 2014. Comments received after that date will be marked late and may not be provided to the SAB Panel for consideration before the June 19, 2014 teleconference. It is EPA’s policy to include all comments received in the public docket without change and to make the comments available on-line at www.regulations.gov, including any personal information provided, unless a comment includes information claimed to be Confidential Business Information (CBI) or other information whose disclosure is restricted by statute. Do not submit information that you consider to be CBI or otherwise protected through www.regulations.gov or e-mail. The www.regulations.gov website is an “anonymous access” system, which means EPA will not know your identity or contact information unless you provide it in the body of your comment. If you send an e-mail directly to EPA without going through www.regulations.gov, your e-mail address will be automatically captured and included as part of the comment that is placed in the public docket and made available on the Internet. If you submit an electronic comment, EPA recommends that you include your name and other contact information in the body of your comment and with any disk or CD-ROM you submit. If EPA cannot read your comments due to technical difficulties and cannot contact you for clarification, the SAB Panel may not be able to consider your comments. Electronic files should avoid the use of special characters and any form of encryption and be free of any defects or viruses. For additional information about EPA’s public docket, visit the EPA Docket Center homepage at www.epa.gov/epahome/dockets.htm. 



Documents in the docket are listed in the www.regulations.gov index. Although listed in the index, some information is not publicly available, e.g., CBI or other information whose disclosure is restricted by statute. Certain other material, such as copyrighted material will be publicly available only in hard copy. Publicly available docket materials are available either electronically at www.regulations.gov or in hard copy at the OEI Docket in the EPA Headquarters Docket Center.



Accessibility:  For information on access or services for individuals with disabilities, please contact Dr. Thomas Armitage at (202) 564-2155 or armitage.thomas@epa.gov.  To request accommodation of a disability, please contact Dr. Armitage preferably at least ten days prior to the teleconference to give EPA as much time as possible to process your request.


______________ 


   _______________________________________


Dated:




   Thomas H. Brennan,







   Deputy Director,







   EPA Science Advisory Staff Office.
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From: Zarba, Christopher
To: Brennan, Thomas; Nugent, Angela; Armitage, Thomas
Subject: Proposed Language for Tom B.
Date: Wednesday, April 30, 2014 1:48:43 PM


In case it comes up at the Friday connectivity meeting here are some words Tom B can use.
 
“At this time both the SAB and the Agency are considering options for a SAB review of the adequacy of
 the science to support the proposed rule.  When a decision is made we will share that information with
 the panel and the public.”
 
It the question comes up about timing I would repeat the second sentence of the text above.
 
Thanks.
 


Christopher S. Zarba
US EPA Science Advisory Board
zarba.christopher@epa.gov
O (202) 564-0760
C (202) 731-6423
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From: Latif Kalin
To: Rains, Mark; Judy Meyer; Amanda Rodewald (adr79@cornell.edu)
Cc: Kenneth Kolm; Armitage, Thomas; Goodman, Iris
Subject: RE: (Almost) Final
Date: Monday, May 19, 2014 3:28:12 PM


Mark,
 
I had my comments in response to your comments. I copied my response to your comments below
 (you have few other comments for Amada and Judy):
 
MR129: We wrote this because we thought that the SAB had reached this consensus. We have two
 comments, immediately above, one supportive, one not so much. I think we should discuss this
 further.
Latif: As far as I remember there was a consensus on “there are no isolated wetlands”. However, in
 my view we are a little too critical in this paragraph. The EPA report never says geographically
 isolated wetlands are truly isolated. Perhaps all we need to say here is asking EPA elucidate on this.
 
MR139: We wrote this because we thought that the SAB had reached this consensus. We have two
 comments, immediately above, one supportive, one not so much. I think we should discuss this
 further.
Latif: I think we should remember what section 3 of the report is about. Section 3, as defined under
 Introduction section “presents an overview of river system components, describes the spatial and
 temporal dynamics of connections within and among aquatic ecosystems, and provides context for
 interpreting empirical evidence of connections and functions and for making reasonable inferences
 about effects.” It is a conceptual framework, and some way educational material. In that sense I see
 no problem with what we have written here.
                                                                                                                                                            
Latif
 
-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu] 
Sent: Monday, May 19, 2014 12:06 PM
To: Judy Meyer; Amanda Rodewald (adr79@cornell.edu)
Cc: Kenneth Kolm; Latif Kalin; Armitage, Thomas (Armitage.Thomas@epa.gov); Iris Goodman
Subject: (Almost) Final
 
See attached. This is almost final. Judy and Amanda -- You each have a few action items.
 
Judy -- Please see the comment by Amanda, who is asking for some references in a paragraph you
 wrote on biological connectivity. Would you please put them into the text and the new references,
 and then send the revised versions directly to Amanda, Tom, and Iris, cc'ing the rest of us?
 
Amanda -- Please see my comments regarding a citation for a figure and figure numbering.
 
There are a couple of comments that I think need additional discussion. I've those comments in the
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 margins, with my responses. If they need to be deleted before the publication of the next draft,
 then let me know and I'll make sure that I keep them in hand for our next discussion.
 








From: Rains, Mark
To: Armitage, Thomas
Subject: RE: Call with Mark Murphy
Date: Monday, May 05, 2014 5:37:34 PM


It would have to be Tuesday. 1pm is better.


-----Original Message-----
From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov]
Sent: Monday, May 05, 2014 5:17 PM
To: Rains, Mark
Subject: Call with Mark Murphy


Mark,


Mark Murphy is available for a call with you next Monday (5/12) or Tuesday (5/13) to talk about the material for
 the SAB panel report.  I suggest a call at 1 or 2 pm (Eastern Time).  Please let me know your day/time preference.
 Thanks.


Tom Armitage


-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu]
Sent: Wednesday, April 30, 2014 10:26 AM
To: Armitage, Thomas
Cc: Goodman, Iris; 'Amanda D. Rodewald'
Subject: RE: Mark Murphy


We're in finals week now, so next week or the week after are pretty good. I'm generally available 8am-3pm ET and
 again 4pm-6pm. The only exception is Monday, May 5 -- I'll be in a faculty meeting all afternoon that day.


-----Original Message-----
From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov]
Sent: Wednesday, April 30, 2014 10:09 AM
To: Rains, Mark
Cc: Goodman, Iris; 'Amanda D. Rodewald'
Subject: RE: Mark Murphy


Hi Mark,


Please let me know when you would like to talk with Mark Murphy and I will contact him to set up a call.  I would
 like to have a DFO (Iris or me) on the call to listen.  I suggest waiting until after the Panel's teleconference on
 Friday.  Thanks.


Tom Armitage


**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460
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Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004


-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu]
Sent: Tuesday, April 29, 2014 10:12 AM
To: 'Amanda D. Rodewald'
Cc: Armitage, Thomas; Goodman, Iris
Subject: Mark Murphy


Can you guys put me in touch with Mark Murphy? I'd like to talk to him about how we can most efficiently
 incorporate his material into our revised section. Thanks!
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From: Stokely, Peter
To: Armitage, Thomas
Subject: RE: Call-in number for SAB Connectivity Panel teleconference on May 2nd
Date: Wednesday, April 30, 2014 4:29:00 PM


Thanks Tom!
 


From: Armitage, Thomas 
Sent: Wednesday, April 30, 2014 2:59 PM
Subject: Call-in number for SAB Connectivity Panel teleconference on May 2nd
 
Per your request, the call-in number to listen to teleconferences of the Science Advisory Board Panel
 for the Review of the EPA Water Body Connectivity Report on May 2nd is 1-866-299-3188.  After
 dialing the call-in number, please enter the following conference code at the prompt: 2023439946#
 . 
 
Please note that this call-in number is for listening only. 
 
The audio to listen to these teleconferences will also be streamed live through the internet. The link
 to listen to the teleconferences on the internet is provided on the SAB website at the following URL.
 The meeting materials for the teleconference are also available at the following URL.
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/338DEF2F7262A7F485257C7C0060851D?
OpenDocument
 
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Fertik, Rachel
To: Armitage, Thomas
Subject: RE: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May 2nd
Date: Friday, May 02, 2014 10:55:05 AM


Is this same number being used today?
Thanks,
Rachel


From: Armitage, Thomas 
Sent: Friday, April 25, 2014 8:18 PM
To: Fertik, Rachel
Subject: RE: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May
 2nd
Hi Rachel,


The call-in number to listen to teleconferences on April 28th and May 2nd is 1-866-299-3188. The
 conference code is 2023439946# .
The audio to listen to these teleconferences will also be streamed live through the internet. The link
 to listen to the teleconferences on the internet will be provided on the SAB website at the following
 URL. The meeting materials for both teleconferences are also available at the following URL.
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C. 20004


From: Fertik, Rachel 
Sent: Friday, April 25, 2014 8:15 PM
To: Armitage, Thomas
Subject: FW: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May
 2nd
Hi Tom,
Could you please provide to me the call-in number that you mentioned below is available for those
 who only want to listen to the calls. I would like to listen in, as would a couple other people in my
 program.
Thanks,
Rachel


From: Alexander, Laurie 
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Sent: Thursday, April 24, 2014 1:21 PM
To: Fertik, Rachel
Subject: FW: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May
 2nd


Laurie C. Alexander, Ph.D. | 703.347.8630
Office of Research and Development
Environmental Protection Agency
1200 Pennsylvania Ave. NW (8623-P)
Washington, DC 20460


From: Armitage, Thomas 
Sent: Thursday, April 24, 2014 1:15 PM
To: Frithsen, Jeff; Alexander, Laurie
Cc: Goodman, Iris
Subject: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May 2nd
Jeff and Laurie,


The call-in number for the SAB Connectivity Panel teleconferences on Monday, April 28th and Friday,


 May 2nd is 1-866-299-3188, conference code 2023439995#
The calls on both days will begin at 1:00 p.m. and are scheduled to end at 5:00 p.m. You are both on


 the agenda for the call on Monday April 28th to provide EPA remarks. I included 15 minutes for your
 remarks from 1:15 – 1:30.
The teleconference agenda and other meeting materials are available on the SAB website at the
 following URL:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
There is a different call-in number for those who only want to listen to the calls. Please ask anyone
 who wants that number to send me an email. We will also be streaming the audio of the calls live on
 the internet. The URL to access the audio is posted on the meeting website provided above.
Please call me if you have questions. Thanks!
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


(b) (5)
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From: Armitage, Thomas
To: McManus, Michael
Subject: RE: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May 2nd
Date: Tuesday, April 29, 2014 8:48:00 PM


I am sorry the web connection did not work well.  Please use the following call-in number if you
 don’t want to use the web connection for the call on Friday.
 
Call in number 1-866-299-3188
 
Conference code: 2023439946#
 
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 


From: McManus, Michael 
Sent: Tuesday, April 29, 2014 7:51 PM
To: Armitage, Thomas
Subject: FW: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May
 2nd
 
Hi Tom
 
Could you please send me the call in number for Friday?  I tried listening through Adobe Connect on
 Monday, but got dropped a few times (probably because of the Cincinnati network).
Thanks,
Mike
 


From: Alexander, Laurie 
Sent: Thursday, April 24, 2014 1:38 PM
To: Alexander, Laurie; Autrey, Brad; David Goodrich; Fritz, Ken; Jim Wigington; Schofield, Kate;
 Kepner, William; Lane, Charles; LeDuc, Stephen; Leibowitz, Scott; McManus, Michael; Pollard,
 Amina; Raanan-Kiperwas, Hadas; Ridley, Caroline
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Cc: Frithsen, Jeff
Subject: FW: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May
 2nd
 
Hello All,
 
This is a reminder that the SAB panel meetings are next week – see below for dates/times and
 teleconference information.
 
The panel’s comments on its draft peer review report were posted on the SAB website this
 afternoon and are attached to this email.   My guess is that both meetings (April 28 and May
 2) will be needed to resolve the disagreements among panel members.
 
Best regards,
Laurie
 
Laurie C. Alexander, Ph.D.  |   703.347.8630
Office of Research and Development
Environmental Protection Agency
1200 Pennsylvania Ave. NW (8623-P)
Washington, DC 20460


 


From: Armitage, Thomas 
Sent: Thursday, April 24, 2014 1:15 PM
To: Frithsen, Jeff; Alexander, Laurie
Cc: Goodman, Iris
Subject: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May 2nd
 
Jeff and Laurie,
 


The call-in number for the SAB Connectivity Panel teleconferences on Monday, April 28th and Friday,


 May 2nd  is 1-866-299-3188, conference code 2023439995#
 
The calls on both days will begin at 1:00 p.m. and are scheduled to end at 5:00 p.m.  You are both on


 the agenda for the call on Monday April 28th to provide EPA remarks.  I included 15 minutes for your
 remarks from 1:15 – 1:30.
 
The teleconference agenda and other meeting materials are available on the SAB website at the
 following URL:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
 
There is a different call-in number for those who only want to listen to the calls.  Please ask anyone
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 who wants that number to send me an email.  We will also be streaming the audio of the calls live
 on the internet.  The URL to access the audio is posted on the meeting website provided above.
 
Please call me if you have questions.  Thanks!
 
Tom
 
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Armitage, Thomas
To: Fertik, Rachel
Subject: RE: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May 2nd
Date: Friday, May 02, 2014 11:01:00 AM


Yes, the same call-in number is the same for today’s call.
 


From: Fertik, Rachel 
Sent: Friday, May 02, 2014 10:55 AM
To: Armitage, Thomas
Subject: RE: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May
 2nd
 
Is this same number being used today?
Thanks,
Rachel
 


From: Armitage, Thomas 
Sent: Friday, April 25, 2014 8:18 PM
To: Fertik, Rachel
Subject: RE: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May
 2nd
 
 
Hi Rachel,
 


The call-in number to listen to teleconferences on April 28th and May 2nd is 1-866-299-3188.  The
 conference code is 2023439946# . 
 
The audio to listen to these teleconferences will also be streamed live through the internet. The link
 to listen to the teleconferences on the internet will be provided on the SAB website at the following
 URL. The meeting materials for both teleconferences are also available at the following URL.
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
 
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
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armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 


From: Fertik, Rachel 
Sent: Friday, April 25, 2014 8:15 PM
To: Armitage, Thomas
Subject: FW: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May
 2nd
 
Hi Tom,
Could you please provide to me the call-in number that you mentioned below is available for those
 who only want to listen to the calls.  I would like to listen in, as would a couple other people in my
 program.
 
Thanks,
Rachel
 


From: Alexander, Laurie 
Sent: Thursday, April 24, 2014 1:21 PM
To: Fertik, Rachel
Subject: FW: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May
 2nd
 
See also attached remarks. So far I’ve just read the first one by Dr. Aldous.
 
Laurie C. Alexander, Ph.D.  |   703.347.8630
Office of Research and Development
Environmental Protection Agency
1200 Pennsylvania Ave. NW (8623-P)
Washington, DC 20460


 


From: Armitage, Thomas 
Sent: Thursday, April 24, 2014 1:15 PM
To: Frithsen, Jeff; Alexander, Laurie
Cc: Goodman, Iris
Subject: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May 2nd
 
Jeff and Laurie,
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The call-in number for the SAB Connectivity Panel teleconferences on Monday, April 28th and Friday,


 May 2nd  is 1-866-299-3188, conference code 2023439995#
 
The calls on both days will begin at 1:00 p.m. and are scheduled to end at 5:00 p.m.  You are both on


 the agenda for the call on Monday April 28th to provide EPA remarks.  I included 15 minutes for your
 remarks from 1:15 – 1:30.
 
The teleconference agenda and other meeting materials are available on the SAB website at the
 following URL:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
 
There is a different call-in number for those who only want to listen to the calls.  Please ask anyone
 who wants that number to send me an email.  We will also be streaming the audio of the calls live
 on the internet.  The URL to access the audio is posted on the meeting website provided above.
 
Please call me if you have questions.  Thanks!
 
Tom
 
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Armitage, Thomas
To: Mazeika Sullivan
Cc: Amanda Rodewald; Goodman, Iris; Siobhan Fennessy
Subject: RE: Charge Question #4 edits - update
Date: Friday, May 16, 2014 12:23:00 PM


Thanks Mazeika,
 
Yes, Wednesday would be fine.
 
Tom Armitage
 
From:  [mailto:  On Behalf Of Mazeika Sullivan
Sent: Friday, May 16, 2014 12:06 PM
To: Armitage, Thomas
Cc: Amanda Rodewald; Goodman, Iris; Siobhan Fennessy
Subject: Charge Question #4 edits - update
 
Hi Tom - 
 
Siobhan and I spoke by phone this morning. If we get our responses to you by Wed evening,
 would that is acceptable? That would give us sufficient time to coordinate 4a and 4b edits.  
 
In the meantime, Amanda, I've attached a paragraph and citations related to predictability.  I'll
 include this with my full responses next week as well, but understand that you may be
 working on text about metrics of connectivity this weekend. As I mentioned in a previous
 email, in readings and discussions with Siobhan, there are other metrics that we have also not
 fully considered as a panel that might be important to include (e.g., timing, rate of change).
 
Best,
Mazeika
---------------------------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432
 
http://go.osu.edu/mazeikasullivan


(b) (6) (b) (6)
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From: Armitage, Thomas
To: Kaufer, Ilan
Subject: RE: Conference Call number
Date: Monday, April 28, 2014 1:12:00 PM


Per your request, the call-in number to listen to teleconferences of the Science Advisory Board Panel
 for the Review of the EPA Water Body Connectivity Report on April 28th and May 2nd is 1-866-299-
3188. After dialing the call-in number, please enter the following conference code at the prompt:
 2023439946# .
Please note that this call-in number is for listening only. There is a different call-in number for those
 who have registered to provide oral comments to the Panel.
The audio to listen to these teleconferences will also be streamed live through the internet. The link
 to listen to the teleconferences on the internet is provided on the SAB website at the following URL.
 teleconference. The meeting materials for both teleconferences are also available at the following
 URL.
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C. 20004


From: Kaufer, Ilan [mailto:Ilan.Kaufer@fpl.com] 
Sent: Monday, April 28, 2014 12:58 PM
To: Armitage, Thomas
Subject: Conference Call number
Hi,
Is it still possible to get the teleconference access number for today’s call?
Thank you.
Ilan Kaufer
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From: Kaufer, Ilan
To: Armitage, Thomas
Subject: RE: Conference Call number
Date: Monday, April 28, 2014 1:17:47 PM


Thank you.


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Monday, April 28, 2014 1:13 PM
To: Kaufer, Ilan
Subject: RE: Conference Call number
Per your request, the call-in number to listen to teleconferences of the Science Advisory Board Panel
 for the Review of the EPA Water Body Connectivity Report on April 28th and May 2nd is 1-866-299-
3188. After dialing the call-in number, please enter the following conference code at the prompt:
 2023439946# .
Please note that this call-in number is for listening only. There is a different call-in number for those
 who have registered to provide oral comments to the Panel.
The audio to listen to these teleconferences will also be streamed live through the internet. The link
 to listen to the teleconferences on the internet is provided on the SAB website at the following URL.
 teleconference. The meeting materials for both teleconferences are also available at the following
 URL.
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C. 20004


From: Kaufer, Ilan [mailto:  
Sent: Monday, April 28, 2014 12:58 PM
To: Armitage, Thomas
Subject: Conference Call number
Hi,
Is it still possible to get the teleconference access number for today’s call?
Thank you.
Ilan Kaufer


(b) (6)












From: Frithsen, Jeff
To: Armitage, Thomas; Alexander, Laurie
Subject: RE: Connectivity CAll: That beep was me calling back in - I was off for a few minutes
Date: Friday, May 02, 2014 3:15:57 PM


Apologies – had to drop off again.  I’m back.
 
Jeff Frithsen
USEPA-ORD-NCEA
703-347-8623 (office phone); 410-336-8535 (cell phone)


 


From: Frithsen, Jeff 
Sent: Friday, May 02, 2014 2:34 PM
To: Armitage, Thomas; Alexander, Laurie
Subject: Connectivity CAll: That beep was me calling back in - I was off for a few minutes
 
 
 
Jeffrey B. Frithsen, Ph.D.
National Center for Environmental Assessment
Office of Research and Development
U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, SW (8623-P)
Washington, DC 20460
703-347-8623 (office phone), 410-336-8535 (cell phone)
 
Physical Office Address/Overnight Deliveries
Two Potomac Yard (North Building), Room N-7741
2733 South Crystal Drive, Arlington, VA 22202
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From: Armitage, Thomas
To: Frithsen, Jeff
Subject: RE: Connectivity Panel
Date: Monday, April 28, 2014 9:11:00 AM


Jeff,
 
Chuck resigned because he decided to undertake some new work that would have posed a conflict
 of interest with the Panel’s work.
 


From: Frithsen, Jeff 
Sent: Sunday, April 27, 2014 2:47 PM
To: Armitage, Thomas
Subject: Connectivity Panel
 
Tom:
 
Do you know why Chuck Hawkins resigned from the panel in March 2014?
 
Jeff
 
 
 
Jeff Frithsen
USEPA-ORD-NCEA
703-347-8623 (office phone); 410-336-8535 (cell phone)
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From: Frithsen, Jeff
To: Armitage, Thomas
Subject: RE: Connectivity Panel
Date: Monday, April 28, 2014 9:12:24 AM


Thanks.   Just wanted to make sure it wasn’t something I said!
 
Jeff
 
 
Jeff Frithsen
USEPA-ORD-NCEA
703-347-8623 (office phone); 410-336-8535 (cell phone)


 


From: Armitage, Thomas 
Sent: Monday, April 28, 2014 9:12 AM
To: Frithsen, Jeff
Subject: RE: Connectivity Panel
 
Jeff,
 
Chuck resigned because he decided to undertake some new work that would have posed a conflict
 of interest with the Panel’s work.
 


From: Frithsen, Jeff 
Sent: Sunday, April 27, 2014 2:47 PM
To: Armitage, Thomas
Subject: Connectivity Panel
 
Tom:
 
Do you know why Chuck Hawkins resigned from the panel in March 2014?
 
Jeff
 
 
 
Jeff Frithsen
USEPA-ORD-NCEA
703-347-8623 (office phone); 410-336-8535 (cell phone)
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From: Armitage, Thomas
To: List, Steve
Subject: RE: Connectivity SAB call
Date: Monday, April 28, 2014 5:27:00 PM
Attachments: image001.png


image002.png
image003.png
image004.png
image005.png


I am sorry the web connection did not work well.  Please use the following call-in number if you
 don’t want to use the web connection for the call on Friday.
 
Call in number 1-866-299-3188
 
Conference code: 2023439946#
 
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 


From: List, Steve [mailto:Steve.List@newpagecorp.com] 
Sent: Monday, April 28, 2014 3:49 PM
To: Armitage, Thomas
Subject: Connectivity SAB call
 
Tom, the audio portion in Listen only mode has quit working. Thanks
 


Steve List|  Director, Environmental Programs
NewPage Corporation  |  P.O. Box 8050, 111 West Jackson|  Wisconsin Rapids, WI 54495-8050
steve.list@newpagecorp.com|  T: 715-422-3693  |  F: 715-422-4456|  M: 715-213-0780
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] NewPage'
































There are 12 million more acres of forest in the U.S. today than 20 years ago. 
Paper is a renewable and recyclable resource—feel free to use and recycle it.


 
 


This electronic message contains information from NewPage Corporation or subsidiary
 companies, which may be confidential, privileged or otherwise protected from disclosure. The
 information is intended to be used solely by the recipient(s) named. If you are not an intended
 recipient, be aware that any review, disclosure, copying, distribution or use of this
 transmission or its contents is prohibited. If you have received this transmission in error,
 please notify NewPage immediately at postmaster@newpagecorp.com.   ­­  
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From: List, Steve
To: Armitage, Thomas
Subject: RE: Connectivity SAB call
Date: Tuesday, April 29, 2014 9:35:41 AM
Attachments: image001.png
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Thanks Tom. I did switch to the phone and that worked fine. I only missed a few minutes
 


Steve List|  Director, Environmental Programs
NewPage Corporation  |  P.O. Box 8050, 111 West Jackson|  Wisconsin Rapids, WI 54495-8050
steve.list@newpagecorp.com|  T: 715-422-3693  |  F: 715-422-4456|  M: 715-213-0780


 


 
There are 12 million more acres of forest in the U.S. today than 20 years ago. 
Paper is a renewable and recyclable resource—feel free to use and recycle it.


 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Monday, April 28, 2014 4:27 PM
To: List, Steve
Subject: RE: Connectivity SAB call
 
I am sorry the web connection did not work well.  Please use the following call-in number if you
 don’t want to use the web connection for the call on Friday.
 
Call in number 1-866-299-3188
 
Conference code: 2023439946#
 
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: List, Steve [mailto:Steve.List@newpagecorp.com] 
Sent: Monday, April 28, 2014 3:49 PM
To: Armitage, Thomas
Subject: Connectivity SAB call
 
Tom, the audio portion in Listen only mode has quit working. Thanks
 


Steve List|  Director, Environmental Programs
NewPage Corporation  |  P.O. Box 8050, 111 West Jackson|  Wisconsin Rapids, WI 54495-8050
steve.list@newpagecorp.com|  T: 715-422-3693  |  F: 715-422-4456|  M: 715-213-0780


 


 
There are 12 million more acres of forest in the U.S. today than 20 years ago. 
Paper is a renewable and recyclable resource—feel free to use and recycle it.


 
 


This electronic message contains information from NewPage Corporation or subsidiary
 companies, which may be confidential, privileged or otherwise protected from disclosure. The
 information is intended to be used solely by the recipient(s) named. If you are not an intended
 recipient, be aware that any review, disclosure, copying, distribution or use of this
 transmission or its contents is prohibited. If you have received this transmission in error,
 please notify NewPage immediately at postmaster@newpagecorp.com.   ­­  
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From: Rains, Mark
To: Amanda D. Rodewald
Cc: Armitage, Thomas; Goodman, Iris
Subject: RE: Date and time of call to discuss the material for SAB Panel report
Date: Friday, May 16, 2014 6:45:25 PM
Attachments: EPA SAB May 16l 2014 DR KENNETH KOLM Additional Review Comments to SAB Connectivity Panel"s Draft


 Report.docx


Here's some stuff from Ken Kolm on groundwater connectivity.


Tomorrow, I go to the field near Sacramento for a half day and then drive 8 hours to Portland. I obviously won't be
 making any progress, so I'll email what I have to my co-authors (cc'ing all of you) by COB today, and then try to
 hold some time to make final decisions and revisions by the deadline based upon what I get back from you and my
 co-authors.


________________________________________
From: Amanda D. Rodewald [arodewald@cornell.edu]
Sent: Friday, May 16, 2014 4:52 PM
To: Rains, Mark
Cc: Thomas Armitage; Iris Goodman
Subject: RE: Date and time of call to discuss the material for SAB Panel report


Thanks, Mark.  I’ll work on this over the weekend.


I really appreciate your efforts here!


Best,
Amanda


Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu<mailto:arodewald@cornell.edu>
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/<http://www.birds.cornell.edu/Page.aspx?pid=1478>


From: Rains, Mark [mailto:mrains@usf.edu]
Sent: Tuesday, May 13, 2014 2:43 PM
To: Amanda D. Rodewald
Cc: Thomas Armitage; Iris Goodman
Subject: Fwd: Date and time of call to discuss the material for SAB Panel report


Hi Amanda,


Mark Murphy and I had a productive conversation today, underlain by the attachment that he put together over the
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Action Items from April 28 and May 2 Connectivity Panel Teleconferences 


SAB Connectivity Panel’s Draft report: 


Connectivity of Streams and Wetlands to Downstream Waters:


 A Review and Synthesis of the Scientific Evidence



Kenneth E. Kolm, Ph.D.


Submitted on May 16, 2014








1. Literature citations and additional brief text on metrics of connectivity will be included. The additional references and text will be provided by Kolm, Sullivan, Murphy, and Harvey (Kolm – for groundwater/surface water modeling studies; Sullivan – for relative connectivity;  Murphy; Harvey ) (Chair will insert the material provided by the panel members)


Page 4: Line 28 and 29; biological connectivity, quantification of groundwater linkages, the effects of human alteration….. 





REVISED TEXT IN RED:





Page 5: Line 31; Suggest: The SAB recommends that the systematic approach be taken to conceptualize the structure and function of non-flodplain ("unidirectional") wetlands as used by hydrogeologists, surface water and groundwater hydrologists, and watershed scientists and engineers. Investigators in these disciplines have developed the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems, and have applied this approach and mathematical modeling tools to settings like unidirectional wetlands, and can be extended to include biological connections.  The systematic approach characterizes 1) surface elements of the landscape: topography (slope steepness and aspect, degree of dissection, etc.); geomorphology and soils (processes and resulting surficial deposits); surface water type, amount, and distribution (springs, seeps, streams, lakes, etc); vegetation and habitat type, amount, and distribution; climate (precipitation type, magnitude, and distribution, temperature, etc…);  and 2) subsurface elements of the landscape: geology (lithology and materials); geologic structure (faults, fractures zones, karst features);  geomorphology; geochemistry; hydrogeology), and combines these elements into a surface water, groundwater, sediment, biological and chemical flowpath network that defines  the connectivity of the systems (ASTM, 1996; Kolm, et. al, 1996; Heath, R. C., 1983; Winter, T. C., Harvey, J.W., Franke, O.L., and Alley, W.M, 1998), and has been extended to include biological connections and HGM wetland classifications (for example, Kolm et.al,. 1998).  Each of these systems can be quantified and assessed for connectivity by the various techniques defined by the individual system components (Healy, R.W., Winter, T.C., LaBaugh, J.W., and Franke, O.L., 2007), such as surface water quantity and quality modeling (including chemical and biological tracers)(Conaway, J.S., and Moran, E.H., 2004; McDonald, R.R., Nelson, J.M., and Bennett, J.P., 2005; Nelson, J.M., Bennett, J.P., and Wiele, S.M., 2003) and sediment transport modeling (chemical and mineralogical tracers)( Kinzel, P.J., Nelson, J.M., Parker, R.S., Bennett, J.P., and Topping, D.J., 1999; McDonald, R.R., Nelson, J.M., and Bennett, J.P., 2005; Nelson, J.M., Bennett, J.P., and Wiele, S.M., 2003), ground water quantity and quality modeling (including chemical and biological tracers)( Appel, C.A., and Reilly, T.E., 1994; Sun, Ren Jen, and Johnston, R.H., 1994; Cunningham, W.L., and Schalk, C.W., comps., 2011: Parkhurst, D.L., Kipp, K.L., and Charlton, S.R., 2010; Harbaugh, A.W., 2005); watershed and biological/habitat/landscape modeling (Kinzel, P.J., Nelson, J.M., and Parker, R.S., 2005; Hunt, R.J., Walker, J.F., Selbig, W.R., Westenbroek, S.M., and Regan, R.S., 2013); and integrated surface water ground water modeling (Markstrom, S.L., Niswonger, R.G., Regan, R.S., Prudic, D.E., and Barlow, P.M., 2008; Ely, D.M., and Kahle, S.C., 2012; Huntington, J.L., and Niswonger, R.G., 2012; Woolfenden, L.R., and Nishikawa, Tracy, eds., 2014).





2. Subsection 3.5.3: Additional references on groundwater will be included in the section on spatial and temporal connectivity of floodplain environments to river systems. (Kolm)





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River


Systems





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 





Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).











REVISED TEXT IN RED:








Quantification of Groundwater Linkages





The role of groundwater movement and storage (Heath, R. C., 1983), including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications (Kolm et.al,. 1998), and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling)( Winter, T. C., Harvey, J.W., Franke, O.L., and Alley, W.M, 1998; Markstrom, S.L., Niswonger, R.G., Regan, R.S., Prudic, D.E., and Barlow, P.M., 2008; Woolfenden, L.R., and Nishikawa, Tracy, eds., 2014).. Quantification of floodplain systems can be conducted in both steady-state and transient analysis to simulate the temporal changes (Appel, C.A., and Reilly, T.E., 1994; Winter, T. C., Harvey, J.W., Franke, O.L., and Alley, W.M, 1998; Harbaugh, A.W., 2005; Conaway, J.S., and Moran, E.H., 2004; McDonald, R.R., Nelson, J.M., and Bennett, J.P., 2005; Nelson, J.M., Bennett, J.P., and Wiele, S.M., 2003; Markstrom, S.L., Niswonger, R.G., Regan, R.S., Prudic, D.E., and Barlow, P.M., 2008; Huntington, J.L., and Niswonger, R.G., 2012).








3. Page 56, lines 41-47: The text will be clarified (Kolm)





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands (ASTM, 1996; Kolm, et. al, 1996), and can be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Kolm: (Kolm) Additional text.











REVISED TEXT IN RED:





The SAB recommends that the systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands as used by hydrogeologists, surface water and groundwater hydrologists, and watershed scientists and engineers. Investigators in these disciplines have developed the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems, and have applied this approach and mathematical modeling tools to settings like unidirectional wetlands, and can be extended to include biological connections.  The systematic approach characterizes 1) surface elements of the landscape: topography (slope steepness and aspect, degree of dissection, etc.); geomorphology and soils (processes and resulting surficial deposits); surface water type, amount, and distribution (springs, seeps, streams, lakes, etc); vegetation and habitat type, amount, and distribution; climate (precipitation type, magnitude, and distribution, temperature, etc…);  and 2) subsurface elements of the landscape: geology (lithology and materials); geologic structure (faults, fractures zones, karst features);  geomorphology; geochemistry; hydrogeology; and combines these elements into a surface water, ground water, sediment, biological and chemical flowpath network that defines  the connectivity of the systems (ASTM, 1996; Kolm, et. al, 1996), and has been extended to include biological connections and HGM wetland classifications (for example, Kolm et.al,. 1998).  Each of these systems can be quantified and assessed for connectivity by the various techniques defined by the individual system components (Healy, R.W., Winter, T.C., LaBaugh, J.W., and Franke, O.L., 2007), such as surface water quantity and quality modeling (including chemical and biological tracers)( Conaway, J.S., and Moran, E.H., 2004; McDonald, R.R., Nelson, J.M., and Bennett, J.P., 2005) and sediment transport modeling (chemical and mineralogical tracers)( Kinzel, P.J., Nelson, J.M., Parker, R.S., Bennett, J.P., and Topping, D.J., 1999; McDonald, R.R., Nelson, J.M., and Bennett, J.P., 2005; Nelson, J.M., Bennett, J.P., and Wiele, S.M., 2003), ground water quantity and quality modeling (including chemical and biological tracers)( Appel, C.A., and Reilly, T.E., 1994: Sun, Ren Jen, and Johnston, R.H., 1994: Cunningham, W.L., and Schalk, C.W., comps., 2011: Cunningham, W.L., and Schalk, C.W., comps., 2011: Parkhurst, D.L., Kipp, K.L., and Charlton, S.R., 2010; : Winter, T. C., Harvey, J.W., Franke, O.L., and Alley, W.M, 1998; Harbaugh, A.W., 2005); watershed and biological/habitat/landscape modeling (Kinzel, P.J., Nelson, J.M., and Parker, R.S., 2005; Hunt, R.J., Walker, J.F., Selbig, W.R., Westenbroek, S.M., and Regan, R.S., 2013); and integrated surface water ground water modeling (Markstrom, S.L., Niswonger, R.G., Regan, R.S., Prudic, D.E., and Barlow, P.M., 2008; Ely, D.M., and Kahle, S.C., 2012; Woolfenden, L.R., and Nishikawa, Tracy, eds., 2014).











CRITICAL REFERENCES (not in alphabetical order):





Appel, C.A., and Reilly, T.E., 1994, Summary of selected computer programs produced by the U.S. Geological Survey for simulation of ground-water flow and quality: U.S. Geological Survey Circular 1104, 98 p.





Sun, Ren Jen, and Johnston, R.H., 1994, Regional aquifer-system analysis program of the U.S. Geological Survey, 1978--1992: U.S. Geological Survey Circular 1099, 126 p.





Cunningham, W.L., and Schalk, C.W., comps., 2011, Groundwater technical procedures of the U.S. Geological Survey:  U.S. Geological Survey Techniques and Methods 1–A1, 151 p. (available only online at http://pubs.usgs.gov/tm/1a1/)


Parkhurst, D.L., Kipp, K.L., and Charlton, S.R., 2010, PHAST Version 2—A program for simulating groundwater flow, solute transport, and multicomponent geochemical reactions: U.S. Geological Survey Techniques and Methods 6–A35, 235 p.





Heath, R. C., 1983, Basic Ground Water Hydrology, U.S. Geological Survey, Water Supply Paper 2220; 84 p.  This report is available at: http://pubs.er.usgs.gov/pubs/wsp/wsp2220


Winter, T. C., Harvey, J.W., Franke, O.L., and Alley, W.M, 1998, Ground Water and Surface Water: A Single Resource: U.S. Geological Survey Circular 1139.


Healy, R.W., Winter, T.C., LaBaugh, J.W., and Franke, O.L., 2007, Water budgets: Foundations for effective water-resources and environmental management: U.S. Geological Survey Circular 1308, 90 p.
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 weekend. In it, he starts answering the question of metrics, proposing (as one example) the Poff et al. (1997)
 Natural Flow Regime framework as being exemplary of a suite of metrics. He suggested -- and, if I understand
 correctly, implied that you had previously suggested -- that all such metrics be filtered through their effects on
 biota, noting that there are disturbance adapted ecosystems, perhaps best described in terms of resilience. I wanted
 to quickly bring all of this to your attention because my action item no. 6 implied that you were going to pull some
 of this information together, to which I think you agreed by email a few days ago. This, then, seems like a good
 start.


In the near term, I'm going to focus on some of Mark's other comments, along with my notes, my other action items,
 and the comments in the markup. If I get to the section on metrics and haven't yet heard from you, then I'll email
 you to coordinate how to best proceed.


Mark


Sent from my iPad


Begin forwarded message:
From: "Armitage, Thomas" <Armitage.Thomas@epa.gov<mailto:Armitage.Thomas@epa.gov>>
Date: May 13, 2014 at 2:09:07 PM EDT
To: "Rains, Mark" <mrains@usf.edu<mailto:mrains@usf.edu>>
Subject: FW: Date and time of call to discuss the material for SAB Panel report


From: Mark Murphy [mailto:hassy@cox.net]
Sent: Sunday, May 11, 2014 10:56 PM
To: Armitage, Thomas; mrains@usf.edu<mailto:mrains@usf.edu>
Cc: adr79@cornell.edu<mailto:adr79@cornell.edu>; Goodman, Iris
Subject: Re: Date and time of call to discuss the material for SAB Panel report


Hi everyone,


Attached is my first, very rough, cut at the disturbance ecology contribution. Still need to find a few more
 references, particularly examples from mesic systems. I leaned heavily on Emily Stanley's excellent review paper in
 J-NABS. I'm inclined to just say "read and incorporate that paper" but that would be lazy.


Enjoy!
Mark


Mark T. Murphy, Ph.D., R.G.


Hassayampa Associates


#3110, 2600 W Ironwood Hill Dr.


Tucson, AZ 85745


(520) 302-9297


hassy@cox.net<mailto:hassy@cox.net>


*Confidentiality and Nondisclosure Notice:* This email transmission and


any attachments are intended for use by the person(s)/entity(ies) named



mailto:Armitage.Thomas@epa.gov

mailto:mrains@usf.edu

mailto:hassy@cox.net

mailto:mrains@usf.edu

mailto:adr79@cornell.edu

mailto:hassy@cox.net





above and may contain confidential/privileged information. Any


unauthorized use, disclosure or distribution is strictly prohibited. If


you are not the intended recipient, please contact the sender by email,


and delete or destroy all copies plus attachments.


On 5/5/2014 3:09 PM, Armitage, Thomas wrote:
Hi  Mark Rains and Mark Murphy,


I have scheduled a call  on Tuesday, May 13th from 1 – 2 pm (Eastern Time) for you to talk about the additional
 text  for Section 3.2 of the SAB Connectivity Panel’s report.


The call-in number is 1-866-299-3188, conference code 2023439995# .


My notes indicate Mark Rains will develop some additional  text  on spatial and temporal scale for the response to
 charge question 2 .  Mark Murphy will provide material for this and will include concepts (with references) from
 the literature on disturbance ecology.


Thanks very much,


Tom Armitage


**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov<mailto:armitage.thomas@epa.gov>
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From: Amanda D. Rodewald
To: Rains, Mark
Cc: Armitage, Thomas; Goodman, Iris
Subject: RE: Date and time of call to discuss the material for SAB Panel report
Date: Friday, May 16, 2014 4:52:48 PM


Thanks, Mark.  I’ll work on this over the weekend.
 
I really appreciate your efforts here!
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
 
 
 
 
 


From: Rains, Mark [mailto:mrains@usf.edu] 
Sent: Tuesday, May 13, 2014 2:43 PM
To: Amanda D. Rodewald
Cc: Thomas Armitage; Iris Goodman
Subject: Fwd: Date and time of call to discuss the material for SAB Panel report
 
Hi Amanda,
 
Mark Murphy and I had a productive conversation today, underlain by the attachment that he put
 together over the weekend. In it, he starts answering the question of metrics, proposing (as one
 example) the Poff et al. (1997) Natural Flow Regime framework as being exemplary of a suite of
 metrics. He suggested -- and, if I understand correctly, implied that you had previously suggested --
 that all such metrics be filtered through their effects on biota, noting that there are disturbance
 adapted ecosystems, perhaps best described in terms of resilience. I wanted to quickly bring all of
 this to your attention because my action item no. 6 implied that you were going to pull some of this
 information together, to which I think you agreed by email a few days ago. This, then, seems like a
 good start.
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In the near term, I'm going to focus on some of Mark's other comments, along with my notes, my
 other action items, and the comments in the markup. If I get to the section on metrics and haven't
 yet heard from you, then I'll email you to coordinate how to best proceed.
 
Mark


Sent from my iPad


Begin forwarded message:


From: "Armitage, Thomas" <Armitage.Thomas@epa.gov>
Date: May 13, 2014 at 2:09:07 PM EDT
To: "Rains, Mark" <mrains@usf.edu>
Subject: FW: Date and time of call to discuss the material for SAB Panel report


 
 


From: Mark Murphy [mailto:hassy@cox.net] 
Sent: Sunday, May 11, 2014 10:56 PM
To: Armitage, Thomas; mrains@usf.edu
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Re: Date and time of call to discuss the material for SAB Panel report
 
Hi everyone,


Attached is my first, very rough, cut at the disturbance ecology contribution. Still need
 to find a few more references, particularly examples from mesic systems. I leaned
 heavily on Emily Stanley's excellent review paper in J-NABS. I'm inclined to just say
 "read and incorporate that paper" but that would be lazy.


Enjoy!
Mark


Mark T. Murphy, Ph.D., R.G.
Hassayampa Associates
#3110, 2600 W Ironwood Hill Dr.
Tucson, AZ 85745
(520) 302-9297
hassy@cox.net
 
*Confidentiality and Nondisclosure Notice:* This email transmission
 and
any attachments are intended for use by the person(s)/entity(ies) 
named
above and may contain confidential/privileged information. Any
unauthorized use, disclosure or distribution is strictly 
prohibited. If
you are not the intended recipient, please contact the sender by 
email,
and delete or destroy all copies plus attachments.
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On 5/5/2014 3:09 PM, Armitage, Thomas wrote:


Hi  Mark Rains and Mark Murphy,
 


I have scheduled a call  on Tuesday, May 13th from 1 – 2 pm (Eastern
 Time) for you to talk about the additional text  for Section 3.2 of the SAB
 Connectivity Panel’s report.
 
The call-in number is 1-866-299-3188, conference code 2023439995# .
 
My notes indicate Mark Rains will develop some additional  text  on
 spatial and temporal scale for the response to charge question 2 .  Mark
 Murphy will provide material for this and will include concepts (with
 references) from the literature on disturbance ecology.
 
Thanks very much,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Armitage, Thomas
To: Mark Murphy; Rains, Mark
Cc: adr79@cornell.edu; Goodman, Iris
Subject: RE: Date and time of call to discuss the material for SAB Panel report
Date: Tuesday, May 13, 2014 9:04:00 AM


Per your request, the call will be from 2:00 - 3:oo pm Eastern Time today (Tuesday May 13th).  Call in number 1-
866-299-3188, conference code 2023439995#.


Tom Armitage


-----Original Message-----
From: Mark Murphy [mailto:hassy@cox.net]
Sent: Monday, May 12, 2014 2:22 PM
To: Rains, Mark; Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Re: Date and time of call to discuss the material for SAB Panel report


Fine by me.


Mark T. Murphy, Ph.D., R.G.
Hassayampa Associates
#3110, 2600 W Ironwood Hill Dr.
Tucson, AZ 85745
(520) 302-9297
hassy@cox.net


*Confidentiality and Nondisclosure Notice:* This email transmission and any attachments are intended for use by
 the person(s)/entity(ies) named above and may contain confidential/privileged information. Any unauthorized use,
 disclosure or distribution is strictly prohibited. If you are not the intended recipient, please contact the sender by
 email, and delete or destroy all copies plus attachments.


On 5/12/2014 10:27 AM, Rains, Mark wrote:
> Can this be pushed back to 2:00-3:00pm? I know I asked for Tuesday
> 1:00-2:00pm initially, but I meant to say Monday 1:00-2:00pm and now
> am double booked Tuesday afternoon until 1:45pm. If we can't move the
> call to 2:00-3:00pm, then let's go ahead with the call 1:00-2:00pm and
> I'll resolve the conflict on the other end. (I'm already working on
> alternatives on that end, too.)
> ________________________________________
> From: Armitage, Thomas [Armitage.Thomas@epa.gov]
> Sent: Monday, May 05, 2014 6:09 PM
> To: Rains, Mark; hassy@cox.net
> Cc: adr79@cornell.edu; Goodman, Iris
> Subject: Date and time of call to discuss the material for SAB Panel
> report
>
> Hi  Mark Rains and Mark Murphy,
>
> I have scheduled a call  on Tuesday, May 13th from 1 – 2 pm (Eastern Time) for you to talk about the additional
 text  for Section 3.2 of the SAB Connectivity Panel’s report.
>
> The call-in number is 1-866-299-3188, conference code 2023439995# .
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>
> My notes indicate Mark Rains will develop some additional  text  on spatial and temporal scale for the response to
 charge question 2 .  Mark Murphy will provide material for this and will include concepts (with references) from
 the literature on disturbance ecology.
>
> Thanks very much,
>
> Tom Armitage
>
> **********************
> Thomas Armitage Ph.D.
> Designated Federal Officer
> EPA Science Advisory Board Office
> 202-564-2155 (phone/voice mail)
> 202-565-2098 (fax)
> armitage.thomas@epa.gov








From: Rains, Mark
To: Armitage, Thomas; hassy@cox.net
Cc: adr79@cornell.edu; Goodman, Iris
Subject: RE: Date and time of call to discuss the material for SAB Panel report
Date: Monday, May 12, 2014 1:29:55 PM


Can this be pushed back to 2:00-3:00pm? I know I asked for Tuesday 1:00-2:00pm initially, but I meant to say
 Monday 1:00-2:00pm and now am double booked Tuesday afternoon until 1:45pm. If we can't move the call to
 2:00-3:00pm, then let's go ahead with the call 1:00-2:00pm and I'll resolve the conflict on the other end. (I'm
 already working on alternatives on that end, too.)
________________________________________
From: Armitage, Thomas [Armitage.Thomas@epa.gov]
Sent: Monday, May 05, 2014 6:09 PM
To: Rains, Mark; hassy@cox.net
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Date and time of call to discuss the material for SAB Panel report


Hi  Mark Rains and Mark Murphy,


I have scheduled a call  on Tuesday, May 13th from 1 – 2 pm (Eastern Time) for you to talk about the additional
 text  for Section 3.2 of the SAB Connectivity Panel’s report.


The call-in number is 1-866-299-3188, conference code 2023439995# .


My notes indicate Mark Rains will develop some additional  text  on spatial and temporal scale for the response to
 charge question 2 .  Mark Murphy will provide material for this and will include concepts (with references) from
 the literature on disturbance ecology.


Thanks very much,


Tom Armitage


**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Armitage, Thomas
To: Wohl,Ellen
Cc: Goodman, Iris
Subject: RE: Date and time of the next SAB Connectivity Panel Teleconference
Date: Wednesday, May 07, 2014 3:10:00 PM


Thanks Ellen,  I am sorry we haven’t been able to schedule the calls when you are available.  If you
 send me any comments you have on the next draft of the report I will ask the Chair to raise them for
 discussion.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From: Wohl,Ellen [mailto:Ellen.Wohl@colostate.edu] 
Sent: Wednesday, May 07, 2014 3:07 PM
To: Armitage, Thomas
Subject: RE: Date and time of the next SAB Connectivity Panel Teleconference
 
Hi Tom
 
I’m sorry, but I won’t be able to participate in this conference call either. 
 
 
Ellen Wohl
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, May 07, 2014 8:16 AM
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Date and time of the next SAB Connectivity Panel Teleconference
 
Dear Panel members:
 
The SAB Connectivity Panel’s draft report will be revised to incorporate changes discussed on the


(b) (6)
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 teleconferences last week.  We have scheduled another teleconference of the Panel on Thursday,


 June 19th from 1:00 – 5:00 p.m. (Eastern Time) to discuss the revised draft of the report.  Please


 reserve this date and time for the teleconference.  The call-in number for the June 19th


 teleconference is: 1-866-299-3188, conference code 2023439995# . 
 
I will soon send emails to Panel members who have specific assignments to provide revised text for


 the report. The revised report will be sent to the entire Panel for review before the June 19th


 teleconference.
 


Reminder -- we will not hold a Panel teleconference on June 9th or a face-to-face meeting on June


 19th to provide advice on the scientific and technical basis of the EPA’s proposed rule.  Instead, we


 will hold the Panel teleconference on June 19th to discuss the revised draft of the Panel’s report.
 
Regards,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Wohl,Ellen
To: Armitage, Thomas
Subject: RE: Date and time of the next SAB Connectivity Panel Teleconference
Date: Wednesday, May 07, 2014 3:07:04 PM


Hi Tom
 
I’m sorry, but I won’t be able to participate in this conference call either. (I’m doing field work in a
 remote part of Alaska during 15 June to 4 July.)
 
Ellen Wohl
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, May 07, 2014 8:16 AM
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Date and time of the next SAB Connectivity Panel Teleconference
 
Dear Panel members:
 
The SAB Connectivity Panel’s draft report will be revised to incorporate changes discussed on the
 teleconferences last week.  We have scheduled another teleconference of the Panel on Thursday,


 June 19th from 1:00 – 5:00 p.m. (Eastern Time) to discuss the revised draft of the report.  Please


 reserve this date and time for the teleconference.  The call-in number for the June 19th


 teleconference is: 1-866-299-3188, conference code 2023439995# . 
 
I will soon send emails to Panel members who have specific assignments to provide revised text for


 the report. The revised report will be sent to the entire Panel for review before the June 19th


 teleconference.
 


Reminder -- we will not hold a Panel teleconference on June 9th or a face-to-face meeting on June


 19th to provide advice on the scientific and technical basis of the EPA’s proposed rule.  Instead, we


 will hold the Panel teleconference on June 19th to discuss the revised draft of the Panel’s report.
 
Regards,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 
 
 
 
 
 








From: Wohl,Ellen
To: Armitage, Thomas
Subject: RE: Date and time of the next SAB Connectivity Panel Teleconference
Date: Wednesday, May 07, 2014 3:11:38 PM


Will do – thank you.
 
Ellen
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, May 07, 2014 1:11 PM
To: Wohl,Ellen
Cc: Goodman, Iris
Subject: RE: Date and time of the next SAB Connectivity Panel Teleconference
 
Thanks Ellen,  I am sorry we haven’t been able to schedule the calls when you are available.  If you
 send me any comments you have on the next draft of the report I will ask the Chair to raise them for
 discussion.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From: Wohl,Ellen [mailto:Ellen.Wohl@colostate.edu] 
Sent: Wednesday, May 07, 2014 3:07 PM
To: Armitage, Thomas
Subject: RE: Date and time of the next SAB Connectivity Panel Teleconference
 
Hi Tom
 
I’m sorry, but I won’t be able to participate in this conference call either. (
 
 


(b) (6)
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Ellen Wohl
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, May 07, 2014 8:16 AM
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Date and time of the next SAB Connectivity Panel Teleconference
 
Dear Panel members:
 
The SAB Connectivity Panel’s draft report will be revised to incorporate changes discussed on the
 teleconferences last week.  We have scheduled another teleconference of the Panel on Thursday,


 June 19th from 1:00 – 5:00 p.m. (Eastern Time) to discuss the revised draft of the report.  Please


 reserve this date and time for the teleconference.  The call-in number for the June 19th


 teleconference is: 1-866-299-3188, conference code 2023439995# . 
 
I will soon send emails to Panel members who have specific assignments to provide revised text for


 the report. The revised report will be sent to the entire Panel for review before the June 19th


 teleconference.
 


Reminder -- we will not hold a Panel teleconference on June 9th or a face-to-face meeting on June


 19th to provide advice on the scientific and technical basis of the EPA’s proposed rule.  Instead, we


 will hold the Panel teleconference on June 19th to discuss the revised draft of the Panel’s report.
 
Regards,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: Gensemer, Bob
Subject: RE: Dialin in number for today"s SAB teleconference to discuss connectivity report
Date: Friday, May 02, 2014 12:41:00 PM
Attachments: image001.png


Per your request, the call-in number to listen to teleconferences of the Science Advisory Board Panel
 for the Review of the EPA Water Body Connectivity Report on May 2nd is 1-866-299-3188. After
 dialing the call-in number, please enter the following conference code at the prompt: 2023439946#
 .
Please note that this call-in number is for listening only.
The audio to listen to these teleconferences will also be streamed live through the internet. The link
 to listen to the teleconferences on the internet is provided on the SAB website at the following URL.
 The meeting materials for the teleconference are also available at the following URL.
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/338DEF2F7262A7F485257C7C0060851D?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C. 20004


From: Gensemer, Bob [mailto:bgensemer@geiconsultants.com] 
Sent: Friday, May 02, 2014 12:39 PM
To: Armitage, Thomas
Subject: Dialin in number for today's SAB teleconference to discuss connectivity report
Mr. Armitage: Is today’s SAB meeting (starting at 1pm) open to the public to listen in? If so,
 what number would I use to dial in?
Thank you.
-Bob
Robert W. Gensemer, Ph.D. 
Vice President, Senior Ecotoxicologist


GEI Consultants, Inc. 
4601 DTC Boulevard, Suite 900 | Denver, CO 80237
T: 303.264.1030 | M: 303.476.1772
www.geiconsultants.com | vCard | map | LinkedIn | Twitter | Facebook
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CONFIDENTIALITY NOTICE The information in this transmittal (including attachments, if any) may be privileged and confidential and is
 intended only for the recipient(s) listed above. Any review, use, disclosure, distribution or copying of this transmittal, in any form, is
 prohibited except by or on behalf of the intended recipient. If you have received this transmittal in error, please notify me immediately by
 reply email and destroy all copies of the transmittal.








From: Amanda D. Rodewald
To: Armitage, Thomas
Subject: RE: Do you have any free time for a call tomorrow afternoon or Friday morning?
Date: Wednesday, May 14, 2014 10:19:17 PM


Hi Tom,
 
Would sometime tomorrow after 3:30 work? 
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
 
 
 
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, May 14, 2014 3:50 PM
To: Amanda D. Rodewald
Subject: Do you have any free time for a call tomorrow afternoon or Friday morning?
 
Hi Amanda,
 
Per my phone message, do you have any free time tomorrow after 2:30 pm or on Friday morning for
 a call with Chris to talk about your upcoming trip to Washington D.C.
Thanks.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
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armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Amanda D. Rodewald
To: Armitage, Thomas
Cc: Zarba, Christopher; Goodman, Iris
Subject: RE: Do you have any free time for a call tomorrow afternoon or Friday morning?
Date: Thursday, May 15, 2014 10:39:41 AM


Great - Will do!  I heard from our government liaison at the Atkinson Center for a Sustainable Future
 about our meetings on Wednesday.  
 
 


 
 


                
 


                            
 


                            
 


                            
 
 
 
 
 
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Faculty Fellow, Atkinson Center for a Sustainable Future
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Thursday, May 15, 2014 10:33 AM
To: Amanda D. Rodewald
Cc: Zarba, Christopher; Goodman, Iris
Subject: RE: Do you have any free time for a call tomorrow afternoon or Friday morning?
 
Hi Amanda,
 


(b) (6)
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3:30 pm today (Thursday, May 15th) would be good for a call if that time works for you.   Please call
 the conference line 1-866-299-3188 , conference code 2023439995#.   Thanks.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Wednesday, May 14, 2014 10:19 PM
To: Armitage, Thomas
Subject: RE: Do you have any free time for a call tomorrow afternoon or Friday morning?
 
Hi Tom,
 
Would sometime tomorrow after 3:30 work? 
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/
 
 
 
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, May 14, 2014 3:50 PM
To: Amanda D. Rodewald
Subject: Do you have any free time for a call tomorrow afternoon or Friday morning?
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Hi Amanda,
 
Per my phone message, do you have any free time tomorrow after 2:30 pm or on Friday morning for
 a call with Chris to talk about your upcoming trip to Washington D.C.
Thanks.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: "Wade Foster"
Subject: RE: EPA Teleconference on Connectivity Report
Date: Thursday, May 01, 2014 3:38:00 PM


Per your request, the call-in number to listen to teleconferences of the Science Advisory Board Panel
 for the Review of the EPA Water Body Connectivity Report on May 2nd is 1-866-299-3188.  After
 dialing the call-in number, please enter the following conference code at the prompt: 2023439946#
 . 
 
The audio to listen to these teleconferences will also be streamed live through the internet. The link
 to listen to the teleconferences on the internet is provided on the SAB website at the following URL.
 The meeting materials for the teleconference are also available at the following URL.
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/338DEF2F7262A7F485257C7C0060851D?
OpenDocument
 
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 


From: Wade Foster [mailto:wfoster@tfi.org] 
Sent: Thursday, May 01, 2014 3:26 PM
To: Armitage, Thomas
Subject: EPA Teleconference on Connectivity Report
 
Hello Mr. Armitage – would it be possible for me to get call in information on the below
 teleconference? Thank you


Join the EPA teleconference for Connectivity of Streams and Wetlands to Downstream Waters: A
 Review and Synthesis of the Scientific Evidence on May 2, 2014. 
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Wade Foster
Manager, Regulatory and Scientific Affairs, The Fertilizer Institute
425 Third Street SW, Suite 950, Washington, DC 20024
O: 202-515-2701 / C: 202-263-9142
@Fertilizer_Inst / @4Rnutrients
 
Confidentiality Policy: This document contains confidential information and is intended for TFI members only. Please
 do not distribute to non-TFI members.
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https://twitter.com/4Rnutrients






From: Armitage, Thomas
To: Amy Sparck Dobmeier
Subject: RE: EPA teleconference
Date: Monday, April 28, 2014 1:12:00 PM


Per your request, the call-in number to listen to teleconferences of the Science Advisory Board Panel
 for the Review of the EPA Water Body Connectivity Report on April 28th and May 2nd is 1-866-299-
3188. After dialing the call-in number, please enter the following conference code at the prompt:
 2023439946# .
Please note that this call-in number is for listening only. There is a different call-in number for those
 who have registered to provide oral comments to the Panel.
The audio to listen to these teleconferences will also be streamed live through the internet. The link
 to listen to the teleconferences on the internet is provided on the SAB website at the following URL.
 teleconference. The meeting materials for both teleconferences are also available at the following
 URL.
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C. 20004


From: Amy Sparck Dobmeier [mailto:amy@northstargrp.com] 
Sent: Monday, April 28, 2014 1:00 PM
To: Armitage, Thomas
Subject: EPA teleconference
Please share the Waterways teleconference information for today, Quyana, thank you.
Amy Sparck Dobmeier
Qissunamiut Tribe, Chevak, Alaska
North Star Group
907-351-2454
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From: Amanda D. Rodewald
To: Duncan Patten; Armitage, Thomas
Cc: Goodman, Iris
Subject: RE: Friday May 2 away
Date: Friday, May 02, 2014 11:39:21 AM


Thanks for letting us know, Duncan.  I hope that everything gets resolved smoothly.
 
Good luck!
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 


From: Duncan Patten [mailto:dtpatten@montana.edu] 
Sent: Friday, May 02, 2014 11:33 AM
To: 'Armitage, Thomas'
Cc: Amanda D. Rodewald; 'Goodman, Iris'
Subject: Friday May 2 away
 
Amanda and Tom


 
 
I will miss the teleconference today and try to get an update from Amanda later.  I believe many of
 my main issues were covered in first teleconference.
 
Sorry for this late notice.
 
Duncan
 
Duncan Patten,  Director
Montana Water Center, Montana State University, Bozeman, MT 59717-2690
Water Center (406) 994-6690
MSU Office (406) 994-2784
dtpatten@montana.edu
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From: Kenneth Kolm
To: Rains, Mark; Latif Kalin; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas; Goodman, Iris
Subject: RE: Kolm Action Items from April 28 and may 2 Connectivity Panel Teleconferences
Date: Friday, May 16, 2014 3:31:02 PM
Attachments: EPA SAB May 16l 2014 DR KENNETH KOLM Additional Review Comments to SAB Connectivity Panel"s Draft


 Report.docx


Mark, Judy, Latif,


Here is a draft of the requested action items for our group to edit/consider/mull over involving quantification of 
 ground water, groundwater and surface water interactions, surface water, sediments, watershed, wetlands,and some
 geomorphology.  There are lots more references, but I tried to get the latest, particularly with the USGS since they
 tend to hold up well in court (private sector legal  world) as well as the academic world.


Ken


   
________________________________________
From: Rains, Mark [mrains@usf.edu]
Sent: Tuesday, May 13, 2014 12:53 PM
To: Kenneth Kolm; Latif Kalin; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas (Armitage.Thomas@epa.gov); Iris Goodman
Subject: Next Draft


Ken, Latif, Judy,


I received action items from Tom, Iris, and Amanda. There is quite a bit there. Amanda has offered to help us hit our
 deadline, especially in getting promised contributions from others on the panel. I also had a really productive
 conversation with Mark Murphy, who had already provided some written material following our recent conference
 calls. I think I can make quite a lot of progress toward our action items, especially with Amanda's and Mark's help.
 However, I'm likely to be very close to our deadline, which is May 19. I'm writing to see if you can hold some time
 around that deadline so you can receive and comment quickly on that draft before Tom, Iris, and Amanda have to
 incorporate it into the revised draft in advance of our next conference call.


Thanks.


Mark
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Action Items from April 28 and May 2 Connectivity Panel Teleconferences 


SAB Connectivity Panel’s Draft report: 


Connectivity of Streams and Wetlands to Downstream Waters:


 A Review and Synthesis of the Scientific Evidence



Kenneth E. Kolm, Ph.D.


Submitted on May 16, 2014








1. Literature citations and additional brief text on metrics of connectivity will be included. The additional references and text will be provided by Kolm, Sullivan, Murphy, and Harvey (Kolm – for groundwater/surface water modeling studies; Sullivan – for relative connectivity;  Murphy; Harvey ) (Chair will insert the material provided by the panel members)


Page 4: Line 28 and 29; biological connectivity, quantification of groundwater linkages, the effects of human alteration….. 





REVISED TEXT IN RED:





Page 5: Line 31; Suggest: The SAB recommends that the systematic approach be taken to conceptualize the structure and function of non-flodplain ("unidirectional") wetlands as used by hydrogeologists, surface water and groundwater hydrologists, and watershed scientists and engineers. Investigators in these disciplines have developed the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems, and have applied this approach and mathematical modeling tools to settings like unidirectional wetlands, and can be extended to include biological connections.  The systematic approach characterizes 1) surface elements of the landscape: topography (slope steepness and aspect, degree of dissection, etc.); geomorphology and soils (processes and resulting surficial deposits); surface water type, amount, and distribution (springs, seeps, streams, lakes, etc); vegetation and habitat type, amount, and distribution; climate (precipitation type, magnitude, and distribution, temperature, etc…);  and 2) subsurface elements of the landscape: geology (lithology and materials); geologic structure (faults, fractures zones, karst features);  geomorphology; geochemistry; hydrogeology), and combines these elements into a surface water, groundwater, sediment, biological and chemical flowpath network that defines  the connectivity of the systems (ASTM, 1996; Kolm, et. al, 1996; Heath, R. C., 1983; Winter, T. C., Harvey, J.W., Franke, O.L., and Alley, W.M, 1998), and has been extended to include biological connections and HGM wetland classifications (for example, Kolm et.al,. 1998).  Each of these systems can be quantified and assessed for connectivity by the various techniques defined by the individual system components (Healy, R.W., Winter, T.C., LaBaugh, J.W., and Franke, O.L., 2007), such as surface water quantity and quality modeling (including chemical and biological tracers)(Conaway, J.S., and Moran, E.H., 2004; McDonald, R.R., Nelson, J.M., and Bennett, J.P., 2005; Nelson, J.M., Bennett, J.P., and Wiele, S.M., 2003) and sediment transport modeling (chemical and mineralogical tracers)( Kinzel, P.J., Nelson, J.M., Parker, R.S., Bennett, J.P., and Topping, D.J., 1999; McDonald, R.R., Nelson, J.M., and Bennett, J.P., 2005; Nelson, J.M., Bennett, J.P., and Wiele, S.M., 2003), ground water quantity and quality modeling (including chemical and biological tracers)( Appel, C.A., and Reilly, T.E., 1994; Sun, Ren Jen, and Johnston, R.H., 1994; Cunningham, W.L., and Schalk, C.W., comps., 2011: Parkhurst, D.L., Kipp, K.L., and Charlton, S.R., 2010; Harbaugh, A.W., 2005); watershed and biological/habitat/landscape modeling (Kinzel, P.J., Nelson, J.M., and Parker, R.S., 2005; Hunt, R.J., Walker, J.F., Selbig, W.R., Westenbroek, S.M., and Regan, R.S., 2013); and integrated surface water ground water modeling (Markstrom, S.L., Niswonger, R.G., Regan, R.S., Prudic, D.E., and Barlow, P.M., 2008; Ely, D.M., and Kahle, S.C., 2012; Huntington, J.L., and Niswonger, R.G., 2012; Woolfenden, L.R., and Nishikawa, Tracy, eds., 2014).





2. Subsection 3.5.3: Additional references on groundwater will be included in the section on spatial and temporal connectivity of floodplain environments to river systems. (Kolm)





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River


Systems





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 





Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).











REVISED TEXT IN RED:








Quantification of Groundwater Linkages





The role of groundwater movement and storage (Heath, R. C., 1983), including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications (Kolm et.al,. 1998), and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling)( Winter, T. C., Harvey, J.W., Franke, O.L., and Alley, W.M, 1998; Markstrom, S.L., Niswonger, R.G., Regan, R.S., Prudic, D.E., and Barlow, P.M., 2008; Woolfenden, L.R., and Nishikawa, Tracy, eds., 2014).. Quantification of floodplain systems can be conducted in both steady-state and transient analysis to simulate the temporal changes (Appel, C.A., and Reilly, T.E., 1994; Winter, T. C., Harvey, J.W., Franke, O.L., and Alley, W.M, 1998; Harbaugh, A.W., 2005; Conaway, J.S., and Moran, E.H., 2004; McDonald, R.R., Nelson, J.M., and Bennett, J.P., 2005; Nelson, J.M., Bennett, J.P., and Wiele, S.M., 2003; Markstrom, S.L., Niswonger, R.G., Regan, R.S., Prudic, D.E., and Barlow, P.M., 2008; Huntington, J.L., and Niswonger, R.G., 2012).








3. Page 56, lines 41-47: The text will be clarified (Kolm)





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands (ASTM, 1996; Kolm, et. al, 1996), and can be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Kolm: (Kolm) Additional text.











REVISED TEXT IN RED:





The SAB recommends that the systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands as used by hydrogeologists, surface water and groundwater hydrologists, and watershed scientists and engineers. Investigators in these disciplines have developed the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems, and have applied this approach and mathematical modeling tools to settings like unidirectional wetlands, and can be extended to include biological connections.  The systematic approach characterizes 1) surface elements of the landscape: topography (slope steepness and aspect, degree of dissection, etc.); geomorphology and soils (processes and resulting surficial deposits); surface water type, amount, and distribution (springs, seeps, streams, lakes, etc); vegetation and habitat type, amount, and distribution; climate (precipitation type, magnitude, and distribution, temperature, etc…);  and 2) subsurface elements of the landscape: geology (lithology and materials); geologic structure (faults, fractures zones, karst features);  geomorphology; geochemistry; hydrogeology; and combines these elements into a surface water, ground water, sediment, biological and chemical flowpath network that defines  the connectivity of the systems (ASTM, 1996; Kolm, et. al, 1996), and has been extended to include biological connections and HGM wetland classifications (for example, Kolm et.al,. 1998).  Each of these systems can be quantified and assessed for connectivity by the various techniques defined by the individual system components (Healy, R.W., Winter, T.C., LaBaugh, J.W., and Franke, O.L., 2007), such as surface water quantity and quality modeling (including chemical and biological tracers)( Conaway, J.S., and Moran, E.H., 2004; McDonald, R.R., Nelson, J.M., and Bennett, J.P., 2005) and sediment transport modeling (chemical and mineralogical tracers)( Kinzel, P.J., Nelson, J.M., Parker, R.S., Bennett, J.P., and Topping, D.J., 1999; McDonald, R.R., Nelson, J.M., and Bennett, J.P., 2005; Nelson, J.M., Bennett, J.P., and Wiele, S.M., 2003), ground water quantity and quality modeling (including chemical and biological tracers)( Appel, C.A., and Reilly, T.E., 1994: Sun, Ren Jen, and Johnston, R.H., 1994: Cunningham, W.L., and Schalk, C.W., comps., 2011: Cunningham, W.L., and Schalk, C.W., comps., 2011: Parkhurst, D.L., Kipp, K.L., and Charlton, S.R., 2010; : Winter, T. C., Harvey, J.W., Franke, O.L., and Alley, W.M, 1998; Harbaugh, A.W., 2005); watershed and biological/habitat/landscape modeling (Kinzel, P.J., Nelson, J.M., and Parker, R.S., 2005; Hunt, R.J., Walker, J.F., Selbig, W.R., Westenbroek, S.M., and Regan, R.S., 2013); and integrated surface water ground water modeling (Markstrom, S.L., Niswonger, R.G., Regan, R.S., Prudic, D.E., and Barlow, P.M., 2008; Ely, D.M., and Kahle, S.C., 2012; Woolfenden, L.R., and Nishikawa, Tracy, eds., 2014).
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From: Kenneth Kolm
To: Rains, Mark; Latif Kalin; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas; Goodman, Iris
Subject: RE: Kolm Action Items from April 28 and may 2 Connectivity Panel Teleconferences
Date: Friday, May 16, 2014 3:31:02 PM
Attachments: EPA SAB May 16l 2014 DR KENNETH KOLM Additional Review Comments to SAB Connectivity Panel"s Draft


 Report.docx


Mark, Judy, Latif,


Here is a draft of the requested action items for our group to edit/consider/mull over involving quantification of 
 ground water, groundwater and surface water interactions, surface water, sediments, watershed, wetlands,and some
 geomorphology.  There are lots more references, but I tried to get the latest, particularly with the USGS since they
 tend to hold up well in court (private sector legal  world) as well as the academic world.


Ken


   
________________________________________
From: Rains, Mark [mrains@usf.edu]
Sent: Tuesday, May 13, 2014 12:53 PM
To: Kenneth Kolm; Latif Kalin; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas (Armitage.Thomas@epa.gov); Iris Goodman
Subject: Next Draft


Ken, Latif, Judy,


I received action items from Tom, Iris, and Amanda. There is quite a bit there. Amanda has offered to help us hit our
 deadline, especially in getting promised contributions from others on the panel. I also had a really productive
 conversation with Mark Murphy, who had already provided some written material following our recent conference
 calls. I think I can make quite a lot of progress toward our action items, especially with Amanda's and Mark's help.
 However, I'm likely to be very close to our deadline, which is May 19. I'm writing to see if you can hold some time
 around that deadline so you can receive and comment quickly on that draft before Tom, Iris, and Amanda have to
 incorporate it into the revised draft in advance of our next conference call.


Thanks.


Mark
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Action Items from April 28 and May 2 Connectivity Panel Teleconferences 


SAB Connectivity Panel’s Draft report: 


Connectivity of Streams and Wetlands to Downstream Waters:


 A Review and Synthesis of the Scientific Evidence



Kenneth E. Kolm, Ph.D.


Submitted on May 16, 2014








1. Literature citations and additional brief text on metrics of connectivity will be included. The additional references and text will be provided by Kolm, Sullivan, Murphy, and Harvey (Kolm – for groundwater/surface water modeling studies; Sullivan – for relative connectivity;  Murphy; Harvey ) (Chair will insert the material provided by the panel members)


Page 4: Line 28 and 29; biological connectivity, quantification of groundwater linkages, the effects of human alteration….. 





REVISED TEXT IN RED:





Page 5: Line 31; Suggest: The SAB recommends that the systematic approach be taken to conceptualize the structure and function of non-flodplain ("unidirectional") wetlands as used by hydrogeologists, surface water and groundwater hydrologists, and watershed scientists and engineers. Investigators in these disciplines have developed the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems, and have applied this approach and mathematical modeling tools to settings like unidirectional wetlands, and can be extended to include biological connections.  The systematic approach characterizes 1) surface elements of the landscape: topography (slope steepness and aspect, degree of dissection, etc.); geomorphology and soils (processes and resulting surficial deposits); surface water type, amount, and distribution (springs, seeps, streams, lakes, etc); vegetation and habitat type, amount, and distribution; climate (precipitation type, magnitude, and distribution, temperature, etc…);  and 2) subsurface elements of the landscape: geology (lithology and materials); geologic structure (faults, fractures zones, karst features);  geomorphology; geochemistry; hydrogeology), and combines these elements into a surface water, groundwater, sediment, biological and chemical flowpath network that defines  the connectivity of the systems (ASTM, 1996; Kolm, et. al, 1996; Heath, R. C., 1983; Winter, T. C., Harvey, J.W., Franke, O.L., and Alley, W.M, 1998), and has been extended to include biological connections and HGM wetland classifications (for example, Kolm et.al,. 1998).  Each of these systems can be quantified and assessed for connectivity by the various techniques defined by the individual system components (Healy, R.W., Winter, T.C., LaBaugh, J.W., and Franke, O.L., 2007), such as surface water quantity and quality modeling (including chemical and biological tracers)(Conaway, J.S., and Moran, E.H., 2004; McDonald, R.R., Nelson, J.M., and Bennett, J.P., 2005; Nelson, J.M., Bennett, J.P., and Wiele, S.M., 2003) and sediment transport modeling (chemical and mineralogical tracers)( Kinzel, P.J., Nelson, J.M., Parker, R.S., Bennett, J.P., and Topping, D.J., 1999; McDonald, R.R., Nelson, J.M., and Bennett, J.P., 2005; Nelson, J.M., Bennett, J.P., and Wiele, S.M., 2003), ground water quantity and quality modeling (including chemical and biological tracers)( Appel, C.A., and Reilly, T.E., 1994; Sun, Ren Jen, and Johnston, R.H., 1994; Cunningham, W.L., and Schalk, C.W., comps., 2011: Parkhurst, D.L., Kipp, K.L., and Charlton, S.R., 2010; Harbaugh, A.W., 2005); watershed and biological/habitat/landscape modeling (Kinzel, P.J., Nelson, J.M., and Parker, R.S., 2005; Hunt, R.J., Walker, J.F., Selbig, W.R., Westenbroek, S.M., and Regan, R.S., 2013); and integrated surface water ground water modeling (Markstrom, S.L., Niswonger, R.G., Regan, R.S., Prudic, D.E., and Barlow, P.M., 2008; Ely, D.M., and Kahle, S.C., 2012; Huntington, J.L., and Niswonger, R.G., 2012; Woolfenden, L.R., and Nishikawa, Tracy, eds., 2014).





2. Subsection 3.5.3: Additional references on groundwater will be included in the section on spatial and temporal connectivity of floodplain environments to river systems. (Kolm)





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River


Systems





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 





Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).











REVISED TEXT IN RED:








Quantification of Groundwater Linkages





The role of groundwater movement and storage (Heath, R. C., 1983), including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications (Kolm et.al,. 1998), and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling)( Winter, T. C., Harvey, J.W., Franke, O.L., and Alley, W.M, 1998; Markstrom, S.L., Niswonger, R.G., Regan, R.S., Prudic, D.E., and Barlow, P.M., 2008; Woolfenden, L.R., and Nishikawa, Tracy, eds., 2014).. Quantification of floodplain systems can be conducted in both steady-state and transient analysis to simulate the temporal changes (Appel, C.A., and Reilly, T.E., 1994; Winter, T. C., Harvey, J.W., Franke, O.L., and Alley, W.M, 1998; Harbaugh, A.W., 2005; Conaway, J.S., and Moran, E.H., 2004; McDonald, R.R., Nelson, J.M., and Bennett, J.P., 2005; Nelson, J.M., Bennett, J.P., and Wiele, S.M., 2003; Markstrom, S.L., Niswonger, R.G., Regan, R.S., Prudic, D.E., and Barlow, P.M., 2008; Huntington, J.L., and Niswonger, R.G., 2012).








3. Page 56, lines 41-47: The text will be clarified (Kolm)





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands (ASTM, 1996; Kolm, et. al, 1996), and can be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Kolm: (Kolm) Additional text.











REVISED TEXT IN RED:





The SAB recommends that the systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands as used by hydrogeologists, surface water and groundwater hydrologists, and watershed scientists and engineers. Investigators in these disciplines have developed the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems, and have applied this approach and mathematical modeling tools to settings like unidirectional wetlands, and can be extended to include biological connections.  The systematic approach characterizes 1) surface elements of the landscape: topography (slope steepness and aspect, degree of dissection, etc.); geomorphology and soils (processes and resulting surficial deposits); surface water type, amount, and distribution (springs, seeps, streams, lakes, etc); vegetation and habitat type, amount, and distribution; climate (precipitation type, magnitude, and distribution, temperature, etc…);  and 2) subsurface elements of the landscape: geology (lithology and materials); geologic structure (faults, fractures zones, karst features);  geomorphology; geochemistry; hydrogeology; and combines these elements into a surface water, ground water, sediment, biological and chemical flowpath network that defines  the connectivity of the systems (ASTM, 1996; Kolm, et. al, 1996), and has been extended to include biological connections and HGM wetland classifications (for example, Kolm et.al,. 1998).  Each of these systems can be quantified and assessed for connectivity by the various techniques defined by the individual system components (Healy, R.W., Winter, T.C., LaBaugh, J.W., and Franke, O.L., 2007), such as surface water quantity and quality modeling (including chemical and biological tracers)( Conaway, J.S., and Moran, E.H., 2004; McDonald, R.R., Nelson, J.M., and Bennett, J.P., 2005) and sediment transport modeling (chemical and mineralogical tracers)( Kinzel, P.J., Nelson, J.M., Parker, R.S., Bennett, J.P., and Topping, D.J., 1999; McDonald, R.R., Nelson, J.M., and Bennett, J.P., 2005; Nelson, J.M., Bennett, J.P., and Wiele, S.M., 2003), ground water quantity and quality modeling (including chemical and biological tracers)( Appel, C.A., and Reilly, T.E., 1994: Sun, Ren Jen, and Johnston, R.H., 1994: Cunningham, W.L., and Schalk, C.W., comps., 2011: Cunningham, W.L., and Schalk, C.W., comps., 2011: Parkhurst, D.L., Kipp, K.L., and Charlton, S.R., 2010; : Winter, T. C., Harvey, J.W., Franke, O.L., and Alley, W.M, 1998; Harbaugh, A.W., 2005); watershed and biological/habitat/landscape modeling (Kinzel, P.J., Nelson, J.M., and Parker, R.S., 2005; Hunt, R.J., Walker, J.F., Selbig, W.R., Westenbroek, S.M., and Regan, R.S., 2013); and integrated surface water ground water modeling (Markstrom, S.L., Niswonger, R.G., Regan, R.S., Prudic, D.E., and Barlow, P.M., 2008; Ely, D.M., and Kahle, S.C., 2012; Woolfenden, L.R., and Nishikawa, Tracy, eds., 2014).
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From: Amanda D. Rodewald
To: Kenneth Kolm
Cc: Armitage, Thomas; Goodman, Iris
Subject: RE: Kolm Action Items from April 28 and may 2 Connectivity Panel Teleconferences
Date: Saturday, May 17, 2014 10:34:57 AM


Thanks so much, Ken!  I really appreciate all of the hard work that you've done.


Best,
Amanda


Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/


-----Original Message-----
From: Kenneth Kolm [mailto:kkolm@mines.edu]
Sent: Friday, May 16, 2014 3:31 PM
To: Rains, Mark; Latif Kalin; Judy Meyer (judymeye@gmail.com)
Cc: Amanda D. Rodewald; Armitage, Thomas (Armitage.Thomas@epa.gov); Iris Goodman
Subject: RE: Kolm Action Items from April 28 and may 2 Connectivity Panel Teleconferences


Mark, Judy, Latif,


Here is a draft of the requested action items for our group to edit/consider/mull over involving quantification of 
 ground water, groundwater and surface water interactions, surface water, sediments, watershed, wetlands,and some
 geomorphology.  There are lots more references, but I tried to get the latest, particularly with the USGS since they
 tend to hold up well in court (private sector legal  world) as well as the academic world.


Ken


   
________________________________________
From: Rains, Mark [mrains@usf.edu]
Sent: Tuesday, May 13, 2014 12:53 PM
To: Kenneth Kolm; Latif Kalin; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas (Armitage.Thomas@epa.gov); Iris Goodman
Subject: Next Draft


Ken, Latif, Judy,



mailto:arodewald@cornell.edu

mailto:kkolm@mines.edu

mailto:Armitage.Thomas@epa.gov

mailto:Goodman.Iris@epa.gov

http://dnr.cornell.edu/people/faculty.cfm?netId=adr79

http://www.birds.cornell.edu/

mailto:kkolm@mines.edu





I received action items from Tom, Iris, and Amanda. There is quite a bit there. Amanda has offered to help us hit our
 deadline, especially in getting promised contributions from others on the panel. I also had a really productive
 conversation with Mark Murphy, who had already provided some written material following our recent conference
 calls. I think I can make quite a lot of progress toward our action items, especially with Amanda's and Mark's help.
 However, I'm likely to be very close to our deadline, which is May 19. I'm writing to see if you can hold some time
 around that deadline so you can receive and comment quickly on that draft before Tom, Iris, and Amanda have to
 incorporate it into the revised draft in advance of our next conference call.


Thanks.


Mark








From: Amanda D. Rodewald
To: Armitage, Thomas
Subject: RE: List of action items/assignments discussed on the teleconferences last week
Date: Thursday, May 08, 2014 3:23:21 PM
Attachments: Action Items from April 28 and May 2 Calls_AR.docx


Hi Tom,
 
Hurray!  I found the time to finish it.
 
Thanks!
 
Best,
amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, May 07, 2014 5:50 PM
To: Amanda D. Rodewald
Cc: Goodman, Iris
Subject: List of action items/assignments discussed on the teleconferences last week
 
Hi Amanda,
 


Attached is a list of action items/assignments discussed on the April 28th and May 2nd Connectivity
 Panel teleconferences.  The list is long but I think many of the items can be easily addressed.  I plan
 to  send specific assignments to those identified on the list (not to everyone on the Panel).  If


 possible, would like to send this out by Friday (May 9th). 
 
Please let me know if you think any of the assignments are incorrect or if I have missed anything. 
 Thanks very much.
 
Tom
 
**********************



mailto:arodewald@cornell.edu

mailto:Armitage.Thomas@epa.gov

mailto:arodewald@cornell.edu



DRAFT – 5/7/14


Action Items/Assignments from April 28th and May 2nd Connectivity Panel Teleconferences





Section 3.1





1. Page 8, lines 44-46; page 9, lines 18-29 as well as throughout the report: Where “water quality” is specified the report will be revised to refer to the “physical, chemical, and biological integrity of downgradient waters.”  (DFO/Chair)


2. [bookmark: _GoBack]Section 3.1 will be reviewed and revised as necessary to clearly state that the subject of EPA’s Synthesis is to summarize the literature on the “effects of downgradient connectivity on the physical, chemical, and biological integrity of downgradient waters.” (DFO/Chair)


3. Section 3.1 will be reviewed and revised as necessary to recommend, but not require, that case studies be distilled into brief summaries in text boxes that provide shorter, clear illustrations of where different systems sit along the gradients of connectivity and also to highlight differences in the ecologically relevant temporal and spatial scales. (DFO/Chair)


4. Section 3.1 will be reviewed and revised as necessary to remove suggestions that revisions needed in EPA’s report are minor, and to indicate that substantive revision in certain places will improve the clarity and usefulness of the Report. (DFO/Chair)


5. Subsection 3.1 2 will be revised to drop text dealing with and recommending more focus on the effects of riparian vegetation.  (DFO/Chair)


6. The Panel’s report will be reviewed to ensure consistent use of terminology throughout the document. “Uni and bidirectional” will not be used except in quotations. Downgradient Downstream will be replaced with downgradient. (DFO/Chair)


7. Section 3.1 will be reviewed and revised as necessary to recommend that EPA avoid using word “significant” loosely, and instead refer to the relevance, functionality, or consequences of connectivity at different scales (DFO/Chair)


8. The following red-line changes will be removed from the draft: (DFO/Chair)


· P. 9, lines 27-28


· P. 10, lines 10 -11 (combine that bullet with previous one)


· P. 11, lines 3-7, synthesize into a single bullet.


9. Human alteration will be discussed in section 3.1 and removed from other sections of the report .  Here the recommendation will be that the report more clearly recognize the ways that human alterations affect connectivity in ways that have downgradient impacts (e.g., effluent dependent waters).  (DFO/Chair)


10. Section 3.1 will be revised to recognize that the time scale of connectivity is probably clarified by linking more to consequences and the impacts – e.g., some impacts are problems/important over any time scale. (DFO/Chair will add text to sections on spatial and temporal scale)


11. Section 3,1 will be reviewed and revised as necessary to recommend that the EPA report Include examples (via case studies) where even intermittent connectivity is important. (DFO/Chair)





Section 3.2





12. Literature citations and additional brief text on metrics of connectivity will be included in a new subsection in Section 3.2. The additional references and text will be provided by Kolm, Sullivan, Murphy, and Harvey (Kolm – for groundwater/surface water modeling studies; Sullivan – for relative connectivity;  Murphy for references to probabilistic ecological risk assessment; Harvey ) (DFO/Chair will insert the material provided by the panel members)


13. Section 3.2 will be revised to indicate that the EPA Report should state that the existing literature demonstrates that downgradient effects can be measured and assessed. (DFO/Chair)


14. Section 3.2 will be revised to recognize that what is most readily quantified is “relative” not “absolute” connectivity. (DFO/Chair)


15. Page 12, Line 41; Page 13, line36: Text will be revised to change “water quality” to “physical, chemical, and biological integrity of downgradient waters.” (DFO/Chair)


16. Figure 1 will stay in Section 3.7 but the text in Section 3.2 will be revised to refer to this figure and discuss how it is different for different water body types. Section 3.2 will also be revised to include a recommendation that the EPA make similar figures in each of the sections that address different types of water bodies in order to better represent gradients of connectivity. (Rains)


17. Section 3.2 will discuss the fact that any kind of connectivity that affects the physical, chemical, and biological integrity of downgradient waters is relevant/important.  However, the revised text will acknowledge that there is a level of connectivity at which the functional impact/the consequence on downgradient receiving waters is minimal; but this is where assessing the cumulative / aggregate effect becomes critical. (Rains/Chair)


18. Section 3.2 will be revised to recommend that the EPA Report link chemical and biological elements to show how they are connected.  (e.g., providing nutrients to the system; impacting biological community through trophic cascades, human health) (Chair)


19. The following red-line changes will be removed from the draft:


· P. 13, lines 34-36 (Chair)


20. Section 3.2 will be revised to include new text on spatial and temporal scale. (Rains and Murphy will write subsection to be included in Section 3.2.  Allan will provide additional references on spatial and temporal connectivity for the three water body types)


21. Sections 3.3, 3.5, and 3.7 will be revised as necessary to include short subsections that discuss the most relevant spatial and temporal scales at which connectivity is viewed for the systems addressed in the sections  and how scales relate to the impacts ( Rosi-marshallRosi-Marshall/Tank, Fennessy/Sulllivan, Johnson/Bernhardt)


22. Section 3.2 will be revised to elaborate on how to determine cumulative and aggregate effects (e.g., conditional probability tree about the likelihood that downgradient waters are impacted.)  (Murphy will send an additional material  to be included by the Chair)  


23. Additional literature citations that will help the EPA better address cumulative and aggregate effects will be added to Section 3.2 of the report. Lead writers will be asked if any literature citations can be provided (Rosi-marshallRosi-Marshall/Tank, Fennessy/Sulllivan, Johnson/Bernhardt)


24. Section 3.2 will be revised to present concepts from the literature on disturbance ecology (e.g., magnitude, intensity, frequency, and predictability). Predictabilityivity was thought to be especially useful in evaluating downgradient effects of connectivity.  (Murphy will develop text and a list of references.   He will work with Mark Rains to include the changes in Section 3.2). The following suggestion will be sent from the Chair to Murphy and Rains:





Disturbance ecology language is a good model.  Use disturbance ecology literature as a framework for discussing and framing connectivity.


· Distribution, frequency, return interval, rotation period, predictability, area or size, magnitude (intensity and severity) (White & Pickett).  Examples of figures that could be considered for inclusion (not mandatory).


[image: http://forestry.sfasu.edu/faculty/jstovall/silviculture/images/textbook/disturbance_trend_full.png]


The first two graphs below are both in:





http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/wcsg2001chapter3.htm








Schematic of selected atmospheric, surface, and subsurface hydrologic processes and their temporal and spatial scales of occurrence (adapted from Bloschl and Sivalapan, 1995).








[image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/smallpics/Fig.3.1.jpg]





[image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/bigpics/Fig.3.4.jpg]

















[image: http://www.nature.com/nclimate/journal/v1/n4/images_article/nclimate1143-f5.jpg]





Section 3.3


26. Page 25 line 31: add “and vice versa”  (DFO/Rosi-MarshallRosi-Marshall)


27. Bullet on page 25 line 31: the text will be revised as follows, “The report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), such as contaminants and contaminant transformation processes and the effect of these processes on the chemical, biological integrity of downgradient waters, if known.” (DFO/ Rosi-MarshallRosi-Marshall)


28. Subsections 3.3.8 and 3.3.9 will be combined into a single section that recognizes the effect of riparian zones and landscape factors on headwater stream function and downstream waters.  The idea is to recognize that these waters are part of functional systems – integrated ecological units that are connected by abiotic and biotic (e.g., beavers, vegetation) factors.. The effect of beaver populations could be included as an example. (Rosi-MarshallRosi-Marshall)


29. Other comments will be incorporated into the text. (Rosi-MarshallRosi-Marshall)


30. Recommendations will be reviewed to determine whether any should be combined or reordered. (Rosi-marshallRosi-Marshall)


31. Consider folding 3.3.12 into other sections; it may not be needed as a stand-alone (Meyers?)





Section 3.4





31. Page 32 line 33: The report will be revised to indicate that: 1) different types of connectivity (hydrologic, biological) should be added to Table 4.1 of the EPA report, and 2) the EPA Report should explain that not all connectivity in the watershed is hydrologic, and that biological connectivity should be mentioned as an example. (Tank)


32. The recommendations on page 35 will be grouped and reordered. (Tank)


33. Page 34, lines 24-33: The paragraph will be revised to more clearly indicate that in the EPA Report, the case studies should be presented earlier and that text boxes should be used to present the case studies. The paragraph will be trimmed to make it more concise. (Tank)


34. The importance of frequency and magnitude (and possibly other appropriate metrics that can be used to describe disturbance) will be included in the discussion of spatial and temporal scale in section 3.2. (Rains)


35. Page 35, lines 17-22: The text will be revised to indicate that EPA’s report should analyze the scientific literature and discuss how differences in flows affect connectivity. (Tank)


36. Page 35, lines 11-13: This recommendation is not needed and the bullet on these lines will be removed. Spatial and temporal scale will be discussed in each section of the report. (Tank)


37. Page 31, lines 45-47: The text will be revised to state that the SAB finds that the Report provides strong scientific support for these conclusions and findings. However, EPA should recognize that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes. (Tank)


38. Other comments and edits in section 3.4 will be incorporated. (Tank)


39. Recommendations will be reviewed to determine whether any should be combined or reordered. (Tank)


Section 3.5


40. The report will be checked to make sure terminology is consistent (DFO)


41. Page 38 will include a short section acknowledging the inverse of flood (i.e, drought and its implications with regard to connectivity). (Fennessy)


42. Recommendations will be reviewed to see whether any should be combined or reordered. (Fennessy)


43. References will be listed in the appropriate subsections rather than in a separate subsection. (DFO)


44. Subsection 3.5.3: Additional references on groundwater will be included in the section on spatial and temporal connectivity of floodplain environments to river systems. (Kolm)


45. Page 43, lines 35-38: The recommendation on residence time of water will be moved up in the list of recommendations. (Fennessy)


46. Page 44, lines 1-2: The text will be revised to indicate that the recommended case study should be included in the EPA report as a text box. (DFO/Chair)


47. Other comments and edits in section 3.5 will be incorporated. (Fennessy)


48. Text on page 47, lines 2-22 (temporal component) and page 48, lines 16-21 (export vs exchange) will be moved into the response to charge question 4(a).  (Fennessy/Sullivan)


Section 3.6


49. Page 45, lines 35-47 and Page 46, lines 1-2: The text will be clarified to indicate that it is appropriate to include the science related to floodplain areas in the EPA report (i.e., occasional connectivity of floodplain areas plays an important role in river hydrology). (Sullivan)


50. Page 47, line 47: The text will be revised to indicate that there is an opportunity to link the discussion of the role of wetlands and waters in storing and transforming chemical constituents to the regulation and management of chemical contaminants. (Sullivan)


51. Page 48, line 40: the discussion of probability trees will be included in the conceptual framework (section 3.2) not in section 3.6. (Sullivan)


52. Other comments and edits in section 3.6 will be included. (Sullivan)


53. Recommendations will be reviewed to determine whether any should be combined or reordered. (Sullivan)


Section 3.7


54. Page 50, line 39: Some of the references provided by Rob Brooks will be included (Johnson/DFO/Chair)


55. Page 50, line 25:  “human disturbance” will be changed to “human impacts.” (Johnson)


56. The following terminology will be used throughout the report: “bidirectional” waters and wetlands will be referred to as “waters and wetlands in riparian/floodplain settings” and “unidirectional” waters and wetlands will be referred to as “waters and wetlands in non-riparian/non-floodplain settings.” (DFO will check for consistency)


57. Page 53, lines 3-7: Edits referring to five functions will be incorporated (DFO/Chair)


58. Text will be added to Section 3.7.3 to indicate the importance of aggregate cumulative impact (i.e., diffuse impact over many wetlands can have a strong impact. (Bernhardt)


59. Figure 1, page 52: Survival and persistence will be substituted for survival in the figure caption (Bernhardt)


60. Figure 1, page 52: Chemical transformation was not included in Figure 1 but the text in subsection 3.7.3 will be revised to discuss this. (Bernhardt)


61. Page 53, lines 9-17: The recommendations will be reordered (Bernhardt)


62. Page 53, lines 2-3: The text will be revised to indicate that certain rules might be used to evaluate gradients of connectivity. (Bernhardt)


63. Page 53, line 17: The text will be revised to indicate that the EPA Report should provide information on where there is uncertainty. (Bernhardt)


64. Figure 1, page 52 will not be moved into section 3.2 but it will be referenced in that section and a discussion of how the figure would be different for different water body types will be included in section 3.2. Criticism of the dichotomous approach will be included in section 3.2 (Rains/Bernhardt)


65. Page 53, lines 40-42: Section 3.7 will be revised to state only once that all water bodies are connected over sufficient time scales (it will be stated in the text and once in the recommendations on page 54 lines, 8-10) (Bernhardt)


66. Page 53, lines 23-26: The text will be revised to refer to “effects” (i.e., “duration of connectivity and effects on the physical, chemical, and biological integrity of downgradient waters.” (Bernhardt)


67. Page 53, lines 26-28: The text will be revised to indicate that “the SAB recommends that the authors examine the degree of connectivity and the consequences of connectivity through a range of time scales.”


68. Subsection 3.7.6 (human alteration of landscapes). This subsection will be removed from Section 3.7 and the material will be included in Section 3.1. The subsections on human alteration will also be removed from other sections of the report and included in the response to charge question 1 (section 3.1) (DFO/Chair)


69. Recommendations will be reviewed to determine whether any of them should be combined or reordered. (Johnson/Bernhardt)


70. Other comments and edits in section 3.7 will be included (Bernhardt)


Section 3.8


71. Page 56, lines 2-20: the text will be revised to emphasize the need to assess the impact of connectivity of these wetlands to downgradient waters. (Bernhardt)


72. Page 56, line 10: the text will be revised to indicate that conclusion 3 in EPA’s report overlooks deep aquifer connections. (Bernhardt)


73. Human alteration will not be discussed in this section of the report (DFO)


74. Page 56, lines 41-47: The text will be clarified (Kolm)


75. When specific text is recommended for EPA’s conclusions and findings, the report will indicate that this text is “suggested.” (DFO)


76. Page 58, lines 37-47: The text will be revised to make it shorter. (Brooks)


77. Other comments and edits in section 3.7 will be included (Bernhardt)


78. Recommendations will be reviewed to determine whether any should be combined or reordered. (Bernhardt)


79. Appendix B: wording changes for the findings and conclusions will be moved into the body of the report to be consistent with the section 3.8. (DFO)


80. All references cited in the text will be included in the references section. (DFO)
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Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 



mailto:armitage.thomas@epa.gov






From: Armitage, Thomas
To: Siobhan Fennessy
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Thursday, May 15, 2014 10:33:00 AM


Thanks very much Siobhan.
 


From: Siobhan Fennessy [mailto:fennessym@kenyon.edu] 
Sent: Thursday, May 15, 2014 9:39 AM
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
 
Great!  I'll aim for the 21st at the latest. 
 
Siobhan 
 
On May 14, 2014, at 10:40 AM, "Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Hi Siobhan,
 
I am sorry the tight schedule did not give you much time. It would be okay to receive
 your changes a few days past the Monday deadline.  I have to prepare a revised draft
 for Amanda to review before I send it back to the Panel and post it on the SAB website,


 so I would like to receive your revisions by May 22nd or 23rd.  
 
Thanks!
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 


From: Siobhan Fennessy [mailto:fennessym@kenyon.edu] 
Sent: Wednesday, May 14, 2014 9:54 AM
To: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
 



x-msg://1260/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

x-msg://1260/fennessym@kenyon.edu

x-msg://1260/Armitage.Thomas@epa.gov

x-msg://1260/armitage.thomas@epa.gov

http://kenyon.edu/

x-msg://1260/adr79@cornell.edu





Hi Tom, 
 
Thanks for the notes on our revisions, that is helpful!  Mazeika and I are
 coordinating as we finish our sections.  I did wonder one thing; between the end
 of the semester and grading, etc., the several days worth of graduation events this
 week (Kenyon is a bit intense about that), and the fact that I am heading to
 Portland on Sunday for a weeklong conference, I wonder if it would be okay if I
 get you my revisions a few days past the Monday deadline?   I'll do my best to be
 on time, but these past 2 weeks have been extremely full and I want the report to
 be just right.  
 
Thanks, 
Siobhan 
 
 
On May 9, 2014, at 1:21 PM, "Armitage, Thomas" <Armitage.Thomas@epa.gov>
 wrote:


Hi Siobhan,
 
Attached please find a list of your action items for revision of the SAB
 Connectivity Panel’s report.  These are based on my notes from the two
 teleconferences last week.  If possible, I would like to receive the


 revisions for Section 3.5 by Monday, May 19th .   I have also attached the
 word file of the 4/23/14 markup draft.
 
I will incorporate your revisions into next draft of the report which will be


 sent to the Panel for review and discussion on the June 19th conference
 call.  Please feel free to call me if you have questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue,
 N.W. Washington, D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald
 Reagan Building, 1300 Pennsylvania Avenue, N.W., Suite 31150,



x-msg://1260/Armitage.Thomas@epa.gov

x-msg://1260/armitage.thomas@epa.gov





 Washington, D.C.  20004
 
<Fennessy_action items_5_8_14.docx><SAB Connectivity
 Panel Draft Report_4_23_14 (markup).docx>
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Jordan Professor of Biology and Environmental Studies  
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Gambier, OH  43022
740.427.5455
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From: Rains, Mark
To: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Friday, May 09, 2014 1:04:43 PM


Thanks. May 19 might happen. However, I have field work May 15-18 and JASM is May 18-23, so I may miss that
 deadline if the revisions prove to be complicated. But I'll try....
________________________________________
From: Armitage, Thomas [Armitage.Thomas@epa.gov]
Sent: Friday, May 09, 2014 12:57 PM
To: Rains, Mark
Cc: adr79@cornell.edu; Goodman, Iris
Subject: List of assignments for revision of SAB Connectivity Panel Report


Hi Mark,


Attached please find a list of your action items for revision of the SAB Connectivity Panel’s report.  These are based
 on my notes from the two teleconferences last week.  If possible, I would like to receive your revisions for Section
 3.2 by Monday, May 19th .   I have also attached the word file of the 4/23/14 markup draft.


I have scheduled a call for you and Mark Murphy to talk on Tuesday (5/13) at 1:00 pm eastern time, call in number
 1-866-299-3188, conference code 2023439995#.


I will incorporate your revisions into next draft of the report which will be sent to the Panel for review and
 discussion on the June 19th conference call.  Please feel free to call me if you have questions.   Thanks very much.


Tom Armitage


**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: Siobhan Fennessy
Cc: Goodman, Iris
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Wednesday, May 14, 2014 10:40:00 AM


Hi Siobhan,
 
I am sorry the tight schedule did not give you much time. It would be okay to receive your changes a
 few days past the Monday deadline.  I have to prepare a revised draft for Amanda to review before I
 send it back to the Panel and post it on the SAB website, so I would like to receive your revisions by


 May 22nd or 23rd.  
 
Thanks!
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 


From: Siobhan Fennessy [mailto:fennessym@kenyon.edu] 
Sent: Wednesday, May 14, 2014 9:54 AM
To: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Re: List of assignments for revision of SAB Connectivity Panel Report
 
Hi Tom, 
 
Thanks for the notes on our revisions, that is helpful!  Mazeika and I are coordinating as we
 finish our sections.  I did wonder one thing; between the end of the semester and grading, etc.,
 the several days worth of graduation events this week (Kenyon is a bit intense about that), and
 the fact that I am heading to Portland on Sunday for a weeklong conference, I wonder if it
 would be okay if I get you my revisions a few days past the Monday deadline?   I'll do my
 best to be on time, but these past 2 weeks have been extremely full and I want the report to be
 just right.  
 
Thanks, 
Siobhan 
 
 
On May 9, 2014, at 1:21 PM, "Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:



x-msg://1260/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

x-msg://1260/fennessym@kenyon.edu
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x-msg://1260/Armitage.Thomas@epa.gov





Hi Siobhan,
 
Attached please find a list of your action items for revision of the SAB Connectivity
 Panel’s report.  These are based on my notes from the two teleconferences last week. 


 If possible, I would like to receive the revisions for Section 3.5 by Monday, May 19th .   I
 have also attached the word file of the 4/23/14 markup draft.
 
I will incorporate your revisions into next draft of the report which will be sent to the


 Panel for review and discussion on the June 19th conference call.  Please feel free to
 call me if you have questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
<Fennessy_action items_5_8_14.docx><SAB Connectivity Panel Draft
 Report_4_23_14 (markup).docx>


 
Siobhan Fennessy
Jordan Professor of Biology and Environmental Studies  
Kenyon College 
Gambier, OH  43022
740.427.5455
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From: Amanda D. Rodewald
To: Armitage, Thomas
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Tuesday, May 13, 2014 4:23:31 PM


Thanks!


Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/


-----Original Message-----
From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov]
Sent: Tuesday, May 13, 2014 4:21 PM
To: Amanda D. Rodewald
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report


Hi Amanda,


I have not yet received any material for action item 6.  I will contact those who received the request. 


Tom


**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004
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-----Original Message-----
From: Amanda D. Rodewald [mailto:arodewald@cornell.edu]
Sent: Tuesday, May 13, 2014 3:52 PM
To: Armitage, Thomas; Goodman, Iris
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report


Hi Tom,


Did you receive the citations/info from others related to Action Item 6?  If you can forward to me, then I can get
 started on it.  Thanks!


Best,
Amanda


> On May 10, 2014, at 10:18 AM, "Amanda D. Rodewald" <arodewald@cornell.edu> wrote:
>
> Hi Mark,
>
> I am happy to bring together the material/references shared by the others (and you, if you'd like) and then send the
 new text to you for revision.  Does that work?  I realize that you have a lot on your plate - with these revisions, but
 also with all of your other responsibilities and commitments.  We really appreciate your efforts.  Please do let us
 know how we can help if it gets to be too much.
>
> Thanks, Mark!
>
> Best,
> Amanda
>
> Amanda D. Rodewald, Ph.D.
>
> Director of Conservation Science, Cornell Lab of Ornithology Associate
> Professor, Department of Natural Resources Robert F. Schumann Faculty
> Fellow Cornell University
> 159 Sapsucker Woods Rd.
> Ithaca, NY 14850
> Phone: 607-254-2176
> Fax: 607-254-2104
> Email:  arodewald@cornell.edu
> http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
> http://www.birds.cornell.edu/
>
>
>
>
>
> -----Original Message-----
> From: Rains, Mark [mailto:mrains@usf.edu]
> Sent: Saturday, May 10, 2014 7:56 AM
> To: Armitage, Thomas
> Cc: Amanda D. Rodewald; Goodman, Iris
> Subject: RE: List of assignments for revision of SAB Connectivity
> Panel Report
>
> Action item #6 is a huge undertaking unto itself. Am I starting it with Amanda adding to it? Or is Amanda
 handling it herself?
>
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> ________________________________________
> From: Armitage, Thomas [Armitage.Thomas@epa.gov]
> Sent: Friday, May 09, 2014 12:57 PM
> To: Rains, Mark
> Cc: adr79@cornell.edu; Goodman, Iris
> Subject: List of assignments for revision of SAB Connectivity Panel
> Report
>
> Hi Mark,
>
> Attached please find a list of your action items for revision of the SAB Connectivity Panel's report.  These are
 based on my notes from the two teleconferences last week.  If possible, I would like to receive your revisions for
 Section 3.2 by Monday, May 19th .   I have also attached the word file of the 4/23/14 markup draft.
>
> I have scheduled a call for you and Mark Murphy to talk on Tuesday (5/13) at 1:00 pm eastern time, call in
 number 1-866-299-3188, conference code 2023439995#.
>
> I will incorporate your revisions into next draft of the report which will be sent to the Panel for review and
 discussion on the June 19th conference call.  Please feel free to call me if you have questions.   Thanks very much.
>
> Tom Armitage
>
> **********************
> Thomas Armitage Ph.D.
> Designated Federal Officer
> EPA Science Advisory Board Office
> 202-564-2155 (phone/voice mail)
> 202-565-2098 (fax)
> armitage.thomas@epa.gov
>
> Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue,
> N.W. Washington, D.C. 20460
>
> Office Location/Courier Address: USEPA Science Advisory Board, Ronald
> Reagan Building, 1300 Pennsylvania Avenue, N.W., Suite 31150,
> Washington, D.C.  20004
>
>
>
>
>








From: Amanda D. Rodewald
To: Armitage, Thomas
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Tuesday, May 13, 2014 4:23:31 PM


Thanks!


Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
http://www.birds.cornell.edu/


-----Original Message-----
From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov]
Sent: Tuesday, May 13, 2014 4:21 PM
To: Amanda D. Rodewald
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report


Hi Amanda,


I have not yet received any material for action item 6.  I will contact those who received the request. 


Tom


**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004
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-----Original Message-----
From: Amanda D. Rodewald [mailto:arodewald@cornell.edu]
Sent: Tuesday, May 13, 2014 3:52 PM
To: Armitage, Thomas; Goodman, Iris
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report


Hi Tom,


Did you receive the citations/info from others related to Action Item 6?  If you can forward to me, then I can get
 started on it.  Thanks!


Best,
Amanda


> On May 10, 2014, at 10:18 AM, "Amanda D. Rodewald" <arodewald@cornell.edu> wrote:
>
> Hi Mark,
>
> I am happy to bring together the material/references shared by the others (and you, if you'd like) and then send the
 new text to you for revision.  Does that work?  I realize that you have a lot on your plate - with these revisions, but
 also with all of your other responsibilities and commitments.  We really appreciate your efforts.  Please do let us
 know how we can help if it gets to be too much.
>
> Thanks, Mark!
>
> Best,
> Amanda
>
> Amanda D. Rodewald, Ph.D.
>
> Director of Conservation Science, Cornell Lab of Ornithology Associate
> Professor, Department of Natural Resources Robert F. Schumann Faculty
> Fellow Cornell University
> 159 Sapsucker Woods Rd.
> Ithaca, NY 14850
> Phone: 607-254-2176
> Fax: 607-254-2104
> Email:  arodewald@cornell.edu
> http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
> http://www.birds.cornell.edu/
>
>
>
>
>
> -----Original Message-----
> From: Rains, Mark [mailto:mrains@usf.edu]
> Sent: Saturday, May 10, 2014 7:56 AM
> To: Armitage, Thomas
> Cc: Amanda D. Rodewald; Goodman, Iris
> Subject: RE: List of assignments for revision of SAB Connectivity
> Panel Report
>
> Action item #6 is a huge undertaking unto itself. Am I starting it with Amanda adding to it? Or is Amanda
 handling it herself?
>
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> ________________________________________
> From: Armitage, Thomas [Armitage.Thomas@epa.gov]
> Sent: Friday, May 09, 2014 12:57 PM
> To: Rains, Mark
> Cc: adr79@cornell.edu; Goodman, Iris
> Subject: List of assignments for revision of SAB Connectivity Panel
> Report
>
> Hi Mark,
>
> Attached please find a list of your action items for revision of the SAB Connectivity Panel's report.  These are
 based on my notes from the two teleconferences last week.  If possible, I would like to receive your revisions for
 Section 3.2 by Monday, May 19th .   I have also attached the word file of the 4/23/14 markup draft.
>
> I have scheduled a call for you and Mark Murphy to talk on Tuesday (5/13) at 1:00 pm eastern time, call in
 number 1-866-299-3188, conference code 2023439995#.
>
> I will incorporate your revisions into next draft of the report which will be sent to the Panel for review and
 discussion on the June 19th conference call.  Please feel free to call me if you have questions.   Thanks very much.
>
> Tom Armitage
>
> **********************
> Thomas Armitage Ph.D.
> Designated Federal Officer
> EPA Science Advisory Board Office
> 202-564-2155 (phone/voice mail)
> 202-565-2098 (fax)
> armitage.thomas@epa.gov
>
> Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue,
> N.W. Washington, D.C. 20460
>
> Office Location/Courier Address: USEPA Science Advisory Board, Ronald
> Reagan Building, 1300 Pennsylvania Avenue, N.W., Suite 31150,
> Washington, D.C.  20004
>
>
>
>
>








From: Armitage, Thomas
To: Amanda D. Rodewald
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report
Date: Tuesday, May 13, 2014 4:20:00 PM


Hi Amanda,


I have not yet received any material for action item 6.  I will contact those who received the request. 


Tom


**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004


-----Original Message-----
From: Amanda D. Rodewald [mailto:arodewald@cornell.edu]
Sent: Tuesday, May 13, 2014 3:52 PM
To: Armitage, Thomas; Goodman, Iris
Subject: RE: List of assignments for revision of SAB Connectivity Panel Report


Hi Tom,


Did you receive the citations/info from others related to Action Item 6?  If you can forward to me, then I can get
 started on it.  Thanks!


Best,
Amanda


> On May 10, 2014, at 10:18 AM, "Amanda D. Rodewald" <arodewald@cornell.edu> wrote:
>
> Hi Mark,
>
> I am happy to bring together the material/references shared by the others (and you, if you'd like) and then send the
 new text to you for revision.  Does that work?  I realize that you have a lot on your plate - with these revisions, but
 also with all of your other responsibilities and commitments.  We really appreciate your efforts.  Please do let us
 know how we can help if it gets to be too much.
>
> Thanks, Mark!
>
> Best,
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> Amanda
>
> Amanda D. Rodewald, Ph.D.
>
> Director of Conservation Science, Cornell Lab of Ornithology Associate
> Professor, Department of Natural Resources Robert F. Schumann Faculty
> Fellow Cornell University
> 159 Sapsucker Woods Rd.
> Ithaca, NY 14850
> Phone: 607-254-2176
> Fax: 607-254-2104
> Email:  arodewald@cornell.edu
> http://dnr.cornell.edu/people/faculty.cfm?netId=adr79
> http://www.birds.cornell.edu/
>
>
>
>
>
> -----Original Message-----
> From: Rains, Mark [mailto:mrains@usf.edu]
> Sent: Saturday, May 10, 2014 7:56 AM
> To: Armitage, Thomas
> Cc: Amanda D. Rodewald; Goodman, Iris
> Subject: RE: List of assignments for revision of SAB Connectivity
> Panel Report
>
> Action item #6 is a huge undertaking unto itself. Am I starting it with Amanda adding to it? Or is Amanda
 handling it herself?
>
> ________________________________________
> From: Armitage, Thomas [Armitage.Thomas@epa.gov]
> Sent: Friday, May 09, 2014 12:57 PM
> To: Rains, Mark
> Cc: adr79@cornell.edu; Goodman, Iris
> Subject: List of assignments for revision of SAB Connectivity Panel
> Report
>
> Hi Mark,
>
> Attached please find a list of your action items for revision of the SAB Connectivity Panel's report.  These are
 based on my notes from the two teleconferences last week.  If possible, I would like to receive your revisions for
 Section 3.2 by Monday, May 19th .   I have also attached the word file of the 4/23/14 markup draft.
>
> I have scheduled a call for you and Mark Murphy to talk on Tuesday (5/13) at 1:00 pm eastern time, call in
 number 1-866-299-3188, conference code 2023439995#.
>
> I will incorporate your revisions into next draft of the report which will be sent to the Panel for review and
 discussion on the June 19th conference call.  Please feel free to call me if you have questions.   Thanks very much.
>
> Tom Armitage
>
> **********************
> Thomas Armitage Ph.D.
> Designated Federal Officer
> EPA Science Advisory Board Office
> 202-564-2155 (phone/voice mail)
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> 202-565-2098 (fax)
> armitage.thomas@epa.gov
>
> Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue,
> N.W. Washington, D.C. 20460
>
> Office Location/Courier Address: USEPA Science Advisory Board, Ronald
> Reagan Building, 1300 Pennsylvania Avenue, N.W., Suite 31150,
> Washington, D.C.  20004
>
>
>
>
>








From: Armitage, Thomas
To: rosimarshalle@caryinstitute.org
Cc: adr79@cornell.edu; Goodman, Iris; tank.1@nd.edu
Subject: List of assignments for revision of the SAB Connectivity Panel report
Date: Friday, May 09, 2014 1:18:00 PM
Attachments: Rosi_Marahall_action items_5_8_14.docx


Hi Emma,
 
Thank you again for sending the revised section 3.3 for the SAB Connectivity Panel’s report. 
 Attached is a list of your action items for revision of the SAB Connectivity Panel’s report.  These are
 based on my notes from the two teleconferences last week.  You have probably already addressed
 these in the revised draft you sent to me, but if the list brings to mind any additional  changes you


 want to provide please send them to me by May 19th. 
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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Emma Rosi-Marshall – Action Items from April 28 and May 2 Connectivity Panel Teleconferences





1. Section 3.3 will be revised as necessary to include a short subsection that discusses the most relevant spatial and temporal scales at which connectivity is viewed for the systems addressed in the section  and how scales relate to the impacts (Rosi-Marshall/Tank)





2. Additional literature citations that will help the EPA better address cumulative and aggregate effects will be added to Section 3.2 of the report. Lead writers will be asked if any literature citations can be provided (Rosi-Marshall/Tank, Fennessy/Sulllivan, Johnson/Bernhardt)





3. Page 25 line 31: add “and vice versa”  (Rosi-Marshall)





4. Bullet on page 25 line 31: the text will be revised as follows, “The report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), such as contaminants and contaminant transformation processes and the effect of these processes on the chemical, biological integrity of downgradient waters, if known.” (Rosi-Marshall)





5. Subsections 3.3.8 and 3.3.9 will be combined into a single section that recognizes the effect of riparian zones and landscape factors on headwater stream function and downstream waters. The idea is to recognize that these waters are part of functional systems – integrated ecological units that are connected by abiotic and biotic factors (e.g., beavers, vegetation). (Rosi-Marshall)





6. Other comments will be incorporated into the text. (Rosi-Marshall)





7. [bookmark: _GoBack]Recommendations will be reviewed to determine whether any should be combined or reordered. (Rosi-Marshall)










From: Rains, Mark
To: Judy Meyer; Amanda Rodewald (adr79@cornell.edu)
Cc: Kenneth Kolm; Latif Kalin; Armitage, Thomas; Goodman, Iris
Subject: (Almost) Final
Date: Monday, May 19, 2014 1:05:55 PM
Attachments: SAB Connectivity Panel Draft Report_4_23_14 (markup)_Almost Final.docx


New References _Almost Final.docx


See attached. This is almost final. Judy and Amanda -- You each have a few action items.


Judy -- Please see the comment by Amanda, who is asking for some references in a paragraph you wrote on
 biological connectivity. Would you please put them into the text and the new references, and then send the revised
 versions directly to Amanda, Tom, and Iris, cc'ing the rest of us?


Amanda -- Please see my comments regarding a citation for a figure and figure numbering.


There are a couple of comments that I think need additional discussion. I've those comments in the margins, with my
 responses. If they need to be deleted before the publication of the next draft, then let me know and I'll make sure
 that I keep them in hand for our next discussion.
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This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strengthfrequency, duration, and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, , and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams,  and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, connections through groundwater systems, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. 	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies reflecting the whole gradient of connectivity that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on material flows generated by fauna, particularly avian fauna.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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[bookmark: _Toc58926855][bookmark: _Toc59252196][bookmark: _Toc65285546][bookmark: _Toc71962574][bookmark: _Toc72113549][bookmark: _Toc99930877][bookmark: _Toc260313039][bookmark: _Toc382414067][bookmark: _Toc385943122]EXECUTIVE SUMMARY	Comment by Murphy: (Murphy) I haven’t edited the ES and Introduction since they might need a complete overhaul. This said, I found these two parts of the report very well written, reflective of the group concensus, and without much need of change. Id like to see the rest of the report brought up to the same level of clarity.	Comment by Johnson: (Johnson) Have we sufficiently addressed the role of humans in changing / exacerbating natural disturbance regimes and the subsequent impact on connectivity?  E.g., drought impacts on connectivity are exacerbated by water extraction; wetland drainage, channelization,	Comment by Josselyn: (Josselyn) See comments on the executive summary that are included in the Panel’s general comments.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strengthfrequency, duration, and magnitude, and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that the Report summarizes studies encompassing the whole gradient of connectivity. studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for Unidirectional Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and “geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birds is important as they spatially integrate these wetlands through their movements. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) a wishy washy statement.... too all inclusive which brings us back to the concept of  "sufficiently long time scale".... what does that mean or imply? 





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc385943123]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There should  be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on the physical, chemical, and biological integrity of downstream waters. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB finds that the literature review in Chapter 3 of the Report is technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, the conceptual framework needs to be revised and clearly articulated at the beginning of the Chapter. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 





3.2.1.	Defining Connectivity and Isolation





Because connectivity and isolation can be defined in many ways, the Report needs to define and concisely discuss what is meant by both “connectivity” and “isolation” at the beginning of Chapter 3. Currently, only connectivity is defined, and it is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





The definition of connectivity used in the Report seems to follow that of Pringle (2001; 2003), i.e., the transfer of matter, energy, and/or organisms within or between elements of the landscape. The Report should state that connectivity is a scalable quantity ranging continuously from fully connected to completely isolated, rather than a binary condition of connected or isolated. This could be expressed in a simple conceptual figure here, then again as more specific figures in each chapter on each water and wetland type covered in the Report. (See, for example, Figure 1 in Section 3.7.3 of this report for an example developed for waters and wetlands in non-riparian/non-floodplain settings.) 	Comment by Mark Rains: Is this still the case?





Defining connectivity in this manner creates a problem with the related definition of isolation. If connectivity really is the transfer of matter, energy, and/or organisms within or between elements of the landscape, and connectivity really is a scalable quantity ranging from fully connected to fully isolated, then one might infer that true isolation doesn't occur until there is absolutely no transfer of matter, energy, and/or organisms within or between elements of the landscape. This condition might be so rare as to be negligible, rendering the term isolation almost useless.





The definition of connectivity and isolation might be improved by connecting to the literature on disturbance ecology (see Stanley et al. 2010 and references therein). In that literature, a disturbance is seen as a discrete event that disrupts ecosystem structure and function, substantively changing the physical, chemical, and/or biological environment. Such disturbances are commonly viewed through a filter of the biological consequences – does the disturbance event matter to biota? However, such disturbances are nevertheless commonly quantified in terms of physical measures of the disturbance itself (e.g., frequency, magnitude, duration) rather than in terms of the biological response to the disturbance to facilitate objective comparisons among events. Predictability is often made part of this definition, with the stipulation that disturbances must be outside of some normal range to which biota are typically adapted (e.g., Resch et al. 1988; Poff 1992). By adding these details, connectivity and isolation could be conceptually viewed along a continuum ranging from fully connected to completely isolated, with a transition somewhere in between that varies case-by-case and is defined by whether or not a perturbation is outside the normal range and relevant to the biota.





Recommendations





· Connectivity and isolation should be defined and discussed at the beginning of Chapter 3 of the Report.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





· The definition of connectivity and isolation could be improved by connecting to literature on disturbance ecology.





3.2.2.	Measuring or Otherwise Quantifying Connectivity





The Report should discuss approaches to measuring or otherwise quantifying connectivity. Such approaches should recognize that connectivity is, in part, determined by the extent to which the consequences from impacts on one water body will affect chemical, physical, and/or biological integrity of downgradient waters.  In addition, multiple dimensions of connectivity should be described, notably, as sources and mechanisms of transport and transformation (i.e., fluxes of water, material, biota) and associated ecological functions (e.g., lag, refuge, and transformation) which are made manifest along multiple flowpaths (e.g., via surface water, the hyporheic zone, and groundwater).  Such approaches also should note that these dimensions should be assessed at spatial and temporal scales that permit evaluation of the cumulative effects of connectivity over time and the aggregate effects of connectivity over space.  Therefore, the Report should consider expanding the brief overview of approaches to measuring connectivity that is provided on pages 6-6 and 6-7 of the Report.  This expansion would be most useful if it provided examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed methodological and technical advances. 





Insights from hydrologic systems.  Future efforts to quantify connectivity can be informed by the wide variety of conceptual models and quantitative tools that have been developed to evaluate the connectivity of both surface and subsurface hydrological systems in different settings, including non-floodplain wetlands.  The standard approach involves first characterizing the surface and subsurface elements of landscapes.  Important elements include climate, geology, and relief, and the amount, distribution and types of waters and wetlands.  These elements can then be integrated to create a flowpath network that describes connectivity (ASTM 1996; Kolm et al. 1996; Heath 1983; Winter et al. 1998).  This approach has been extended to biological connectivity and HGM wetland classifications (e.g., Kolm et al. 1998).   Of course, the approach to quantifying hydrologic connectivity is not identical across systems, and careful attention must be given to identifying the most appropriate techniques (Healy et al. 2007) and metrics (Ali and Roy 2010). 





Other examples can be found in the literature related to water quantity and quality modeling (Appel and Reilly, 1994; Sun et al. 1997; Cunningham and Schalk 2011; Parkhurst et al. 2010; Harbaugh 2005), and integrated surface water ground water modeling (Markstrom et al. 2008; Ely and Kahle 2012; Huntington and Niswonger 2012; Woolfenden and Nishikawa 2014), sediment transport modeling (McDonald et al. 2005; Nelson et al. 2003), and watershed and biological/habitat/landscape modeling (Kinzel et al. 2005; Hunt et al. 2013).  Other fields also have developed approaches to quantify linkages due to groundwater movement and storage (Heath 1983), including effects of “flood pulses” (Kolm et al. 1998).  Likewise, the role of chemical movement and storage to groundwater systems in floodplains has been quantified by flow and transport modeling (Winter et al. 1998, Markstrom et al. 2008; Woolfenden and Nishikawa 2014) as well as with steady-state and transient analyses that simulate temporal changes (Appel and Reilly 1994; Winter et al. 1998; Harbaugh 2005; Conaway and Moran 2004; McDonald et al. 2005; Nelson et al. 2003; Markstrom et al. 2008; Huntington and Niswonger 2012). 





A growing number of studies are using graph-theory based indices of connectivity to better understand aquatic systems.  For example, the Integral Index of Connectivity was successfully used by Van Looy et al. (2013) to quantify connectivity and habitat availability in a dendritic river network across varying spatial scales.   Wainwright et al. (2011) demonstrated how of responses of river systems to vegetation removal, runoff, and erosion were better predicted by measures of structural and functional connectivity.  Recent advances have allowed for better integration of hydrological and ecological connectivity using the Directional Connectivity Index and connectivity-orientation curves, which effectively quantified physical-biological feedbacks in the Everglades (Larsen et al. 2012).  Malvadkar et al. (2014) recently examined numerous metrics drawn from graph theory, including Betweenness Centrality, Integral Index of Connectivity, Coincidence Probability, Eigenvector Centrality, Probability of Connectivity, and Influx Potential.  





Insights from disturbance ecology.  In many respects connectivity can be described using concepts borrowed from disturbance ecology – frequency, magnitude, timing, duration, rate of change, and predictability (e.g., Resch et al. 1988; Poff 1992; Poff et al 1997).  Frequency is inversely related to magnitude, and describes how often a flow exceeding a particular magnitude recurs over a specified time period.  Magnitude is the rate of flow moving past a fixed location.  Duration is the time period associated with a specific condition, either in terms of a specific flow event (e.g., number of days inundated by a specific flood event) or over a time period (e.g., number of days inundated in a year).


The temporal and spatial predictability of connectivity should be an especially important attribute to quantify when assessing potential for downgradient effects in systems without permanent or continuous flowpaths (e.g., Poff and Ward 1989; Lytle and Poff 2004; Poff et al. 2006). Predictability refers to the regularity at which certain flows occur.  Some mechanisms of connectivity are predictable (e.g., migration of anadromous fish and waterfowl, spring flood pulses and late summer low flows, seasonal peaks of aquatic insect emergence), whereas others are less so (e.g., flood events from storms, short-term and/or stochastic movement of organisms, nutrient spiraling dynamics). Predictable events can profoundly shape systems.  For example, sequential and predictable seasonal flooding and drying events over an annual cycle are formative processes of physical, chemical, and biological attributes of streams in Mediterranean biomes, including parts of the western US (Gasith and Resh 1999). Large seasonal waterfowl migrations can move nutrients, plants (seeds), and invertebrates between wetlands and downgradient waters (e.g., Figuerola et al. 2003; Green et al. 2008). A predictability axis could be folded into the current “gradient of connectivity” framework proposed by the SAB. 





Recommendation





· The Report should discuss approaches to measuring or otherwise quantifying connectivity. The the Report could do so by expanding the brief overview of approaches to measuring connectivity that is provided on pages 6-6 and 6-7 of the Report.  





· Approaches to measuring or otherwise quantifying connectivity should be drawn from both the hydrological and disturbance ecology literature.





3.2.3.	Defining the Scope of the Report





The SAB finds that the scope of the Report, with respect to the types of waters and wetlands covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various waters and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of waters and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the water and wetland definition of Cowardin et al. (1979), and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership. [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining the types of wetlands and water bodies covered.





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as waters and wetlands under the Clean Water Act  (see discussion in Section 3.5.2 of this report). 	Comment by Rains, Mark: Is this still the case?





· The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





3.2.4.	Revising and Defining the Terminology Used in the Report





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams,waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that these terms be changed to terms from a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the Report. One possibility is that bidirectional wetlands could be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands could be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms will be used throughout this report.





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands”. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection (e.g., frequency, magnitude, timing, duration) and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Rains, Mark: We wrote this because we thought that the SAB had reached this consensus. We have two comments, immediately above, one supportive, one not so much. I think we should discuss this further. 





EPA should consider defining and adding the term ‘interrupted stream to its discussion of stream categories (e.g., Meinzer 1923; Hall and Steidl 2007). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) can also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact when connection is reestablished. Although EPA may consider such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies functional isolation and does not directly map onto the organizational terminology in the Report, which explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. Therefore, the SAB recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” does not imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report.





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.





3.2.5.	Use of a Flowpath Framework





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, relief, and biology and are expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently four-dimensional (i.e., longitudinal, lateral, vertical, and through time). 





[bookmark: _GoBack]The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries (McDonnell 2013). Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling transitioning to increasingly open spiraling from the headwaters to the outlet (Newbold et al. 1981). However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another (Helfield and Naiman 2001). Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries (Skagen et al. 2008). Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). 





Some editorial or technical corrections are needed in the Report and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by Horton (1945). 





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by Dunne and Black (1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further explain how areas contributing runoff expand and contract, changing the way that landscapes connect through storms and seasons (Dunne and Black 1970). The expansion of runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally change the extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). This type of variability suggests that connectivity should be discussed within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings; however, the lines delineating these landscape categories are conceptual and there is no scientific consensus on separating the categories.





The Report as written tends to focus on the site and subregional scales, perhaps due to cost, comfort zone of knowledge base particularly by discipline, and access to data and model results. This tends to either ignore or at least downplay the potential significance of regional-scale hydrologic connecticvity, especially as it relates to groundwater. This is a problem because regional groundwater flows commonly interact with the surface environment at sinks and springs. For example, the Floridan aquifer underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina and commonly interacts with the surface environment through sinks, springs, and outcrops (see Sun et al. 1997 and references therein). To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996; Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program (Sun et al. 1997). 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among these habitats throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely. Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Rains, Mark: Judy – Please help with citations suggested in the previous comment.





Recommendations





· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), relief, and biology on flow and transport (e.g., hydrological, chemical, and biological connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.





· Biological connectivity should be better defined in the Report, described in the context of connectivity between waters and wetlands and downgradient waters and shown to be critical to the biological integrity of these connected waters.


 


3.2.6.	Layers of Complexity in the Conceptual Framework





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhanced by connectivity while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the Report and explicitly made in the section on unidirectional wetlands. Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 





Spatial and Temporal Scales





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. However, spatial and temporal scales vary by flowpath type and flowpath characteristics (Figure 3.2-1). A figure like this focused on the spatial and temporal scale of connectivity should be included in the Report, with a particular focus on the differences in the spatial and temporal scales of surface-water and groundwater connectivity as it relates to the chemical, physical, and biological integrity of downgradient waters.	Comment by Mark Rains: Amanda – This is a temporary figure number.





[image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/smallpics/Fig.3.1.jpg]


Figure 3.2-1. Relative spatial and temporal scale of hydrologic connectivity and interaction (adapted from Bloschl and Sivapalan1995).	Comment by Mark Rains: Amanda – This is a temporary figure number.





The Report should clearly state that low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are essential, long-lived, and/or cumulative. Low-frequency, high-magnitude flows connect channels to the furthest reaches of the floodplains (Poff et al. 1997), controlling species composition and abundance in forests (Darst and Light 2008) and transporting large clasts and/or woody debris that otherwise cannot be transported by more-frequent, lower-magnitude flows (Wolman and Miller 1957). Long-lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be important mechanisms that connect headwaters to rivers, serving as important sources of sediment to downgradient waters (Benda et al. 2005). Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure and function of downgradient waters over the scale of decades (Leibowitz et al 2008). Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (Izbicki 2007). 





The SAB recommends that the Report compare and contrast the temporal scale of connectivity in the East and the Southwest. In the East, precipitation is weakly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to moderate-frequency rainfall events; in the Southwest, precipitation is strongly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to low-frequency rainfall events. The latter are no less important to the integrity of the downgradient waters, even though their frequency and duration may be negligible. Therefore, the importance of the connectivity is not just a function of the frequency or duration of the connection but, rather, the relative magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of relative likelihood × relative consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands (Figure 3.2-2). This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Mark Rains: Amanda – This is a temporary figure number.





[image: http://www.nature.com/nclimate/journal/v1/n4/images_article/nclimate1143-f5.jpg]


Figure 3.2-2. Relative likelihood × relative impact of global-scale phenomena (CITATION NEEDED).	Comment by Mark Rains: Amanda – This is a temporary figure number.	Comment by Mark Rains: Amanda – Please add the citation here and in the References.





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?	Comment by Mark Rains: We wrote this because we thought that the SAB had reached this consensus. We have two comments, immediately above, one supportive, one not so much. I think we should discuss this further.





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity, such as dams (Ward and Stanford 1983) and groundwater pumping that lowers local water tables and causes surface-water connections to cease (Haag and Pfeiffer 2012); some can directly increase connectivity, such as ditches (Min et al. 2010) and tile drains (Randall et al. 1997); and some can indirectly change the frequency, magnitude, timing, duration, and/or rate of change of connectivity,  such as impervious surfaces in the contributing watershed (Walsh et al. 2012). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point





Forcings and Regionalization





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for regions with unique conditions such as the permafrost regions of Alaska. This problem has been identified by a number of public commenters. The EPA therefore should consider expressing forcings in terms of Hydrologic-Landscape Regions (HLRs; Wolock et al. 2004), or an equivalent system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the materials, energy, and organisms that flow by surface-water and/or groundwater flowpaths from numerous waters and wetlands. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligible, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless be important. For example, the degradation of a single small, headwater stream might have a negligible effect on downgradient water quality, but the aggregate or cumulative effect of the degradation of all small, headwater streams would have a large effect on downgradient water quality (Alexander et al. 2007).





Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Studies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate water and wetland maps; this illustrates how new technologies may influence the scientific understanding of connectivity. 





It is critical that readers of the Report understand that many existing databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) found 0.8 km of stream channel on a 1:500,000 scale map and 56 km of stream channel on a 1:7200 scale map in a North Carolina watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) hydrological, chemical, and biological connections between small and large streams is increasing rapidly. Mapping scale also applies to wetlands in on-riparian/non-floodplain settings. Frohn et al. (2009), Frohn et al. (2012), Lane et al. (2012), and Martin et al. (2012) all tried to map geographically isolated wetlands, i.e., wetlands surrounded by uplands, but found that currently available spatial data were inadequate for the task, in large part due to the limitations of the scale and/or accuracy of the maps used to determine whether or not a wetland was surrounded by upland. Hence, the degree of connectivity will be determined in some part by in the database and/or data collection technology used for the analysis.





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.





3.2.7.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.





[bookmark: _Toc99930883][bookmark: _Toc260313045]


[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:4] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [4:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands”. The SAB finds that the focus on hydrologic connections in Section 5.4 and elsewhere does not account for important biological exchanges, not transported stream flow, that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, shallow ground water, deep ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994), especially those that address material flows generated by avian fauna, be added to the Report. Findings from additional literature on theEvidence from the literature on biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are is overwhelming and is particularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Duncan: (Patten) I think this is stretching connectivity... this could connect almost any location. 	Comment by Johnson: (Johnson) Insert references provided by Rob Brooks here





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) this worries me... 





· The literature review should analyze the scientific literature to specifically address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. Geographic differences, especially as it relates to precipitation, should be analyzed. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian/floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 





Similarly the SAB recommends that Figure 1, shown below, be used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). 	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?











Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:5]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms. 	Comment by Kolm: (Kolm) Not accurate for all case histories: Terminal salt lakes and playas may also have strong hydrologic connections like we see in Nevada and Death Valley, CA. Recommend deliting the sentence or modifying it to include both end members.

General comment: Each of the case histories presented could use a cross-sectional diagram illustrating the hydrology and connectivity of the features and region. It is difficult for most readers to visualize these descriptions of structure and function. [5:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible based on the scientific literature and provide specific statements on where the literature is lacking or incomplete. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude, short duration floods may infrequently connect non-riparian/non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Sullivan: (Sullivan) It seems like a predictability framework could also vbe helpful in understanding the degree of connectivityoutlined here (e.g., waterfowl migration moves nutrients at high magnitudes at relatively predictable intervals).	Comment by Benda: (Benda) Although mentioned previously in these comments, the issue that all waters are connected over sufficiently long time scales is highlighted again using the scale “thousands of years”. How many thousands of years? 1, 10, 100, 1000?  If the SAB wants to encourage EPA to consider hydrologic-habitat connectivity at these extended time scales, perhaps it should provide some guidance on how to determine the strength of those connections, in the context of policy making which is the ultimate use of the EPA Connectivity Report. The issue of expanded time scales comes up in other areas of the SAB review including under “Recommendations” (Pg. 50, lines 6-7).
	Comment by Allan: (Allan) I feel this seemingly side-steps the issue of degree of connectivity and the gradient comcept.	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 	Comment by Duncan: (Patten) we have this recommendation earlier but does this weaken the connectivity argument as it can be interpreted as geological time (e.g., millennia). 	Comment by Allan: (Allan) Although this statement acknowledges variation in magnitude of connectivity, I think the SAB review should direct the EPA Report towards greater specificity, rather than towards very general statements that provide little guidance on the degree of connectivity. Might this be an opportunity to suggest that, while all systems are connected, the strength of connectivity is affected by many variables and is best decided on a case-by-case basis?





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are likely to be connected to downstream water (in various magnitudes) over sufficiently long time scales., yet the effects of these connections vary widely in magnitude across wetlands.	Comment by Murphy: (Murphy) Without the second clause this is an entirely different recommendation!





· The EPA should assess connectivity in terms of downstream effects, not just in terms of based upon the frequency, magnitude, or and duration of connections.	Comment by Murphy: (Murphy)





· The Report should emphasize that while that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales, such connections may not be relevant if they do not have important effects on downstream water quality. As a result, the Report should access connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 	Comment by Josselyn: (Josselyn) I suggest this to replace the two bullets above..








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013).. The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  In particular, extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts.	Comment by Fausch: (Fausch) Additional text.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways and to describe to the degree possible how connectivity may have been reduced or eliminated by such human disturbances.


[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Duncan: (Patten) for example????  years, decades, centuries... etc. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands (ASTM, 1996; Kolm, et. al, 1996), and can be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the fourfive pathways by which non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 





· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that, as has been done for prior conclusions, the authors remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a	Comment by Johnson: (Johnson) I think we can delete this, and include comments only on the key findings that require changes.





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of these man made wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity can occur between [non-floodplain] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”	Comment by Duncan: (Patten) this statement ultimately connects most wetlands and rivers regardless of proximity or any close geographic locations. 





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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Drier Forest Composition Associated with 
Hydrologic Change in the Apalachicola River 
Floodplain, Florida



By Melanie R. Darst and Helen M. Light



of the next drier forest type. For all forest types, changes in 
flood durations toward the next drier type were greatest in the 
upper reach (95.9 percent) and least in the lower reach (42.0 
percent). 



All forests are expected to be 38.2 percent drier in 
species composition by 2085, the year when the median age 
of surviving 2004 subcanopy trees will reach the median age 
(99 years) of the 2004 large canopy trees. The change will be 
greatest for forests in the upper reach (45.0 percent). Forest 
composition changes from pre‑1954 to 2085 were calculated 
using Floodplain Indices from 1976 and 2004 tree-size classes 
and replicate plots. 



Species composition in high bottomland hardwood  
forests is expected to continue to change, and some low 
bottomland hardwood forests are expected to become high 
bottomland hardwood forests. Organisms associated with 
floodplain forests will be affected by the changes in tree 
species, which will alter the timing of leaf-out, fruiting, and 
leaf-drop, the types of fruit and debris produced, and soil 
chemistry. Swamps will contain more bottomland hardwood 
species, but will also have an overall loss of tree density.



The density of trees in swamps significantly decreased 
by 37 percent from 1976 to 2004. Of the estimated 4.3 million 
(17 percent) fewer trees that existed in the nontidal floodplain 
in 2004 than in 1976, 3.3 million trees belonged to four swamp 
species: popash, Ogeechee tupelo, water tupelo, and bald 
cypress. Water tupelo, the most important tree in the nontidal 
floodplain in terms of basal area and density, has declined in 
number of trees by nearly 20 percent since 1976. Ogeechee 
tupelo, the species valuable to the tupelo honey industry, has 
declined in number of trees by at least 44 percent.  



Abstract
Forests of the Apalachicola River floodplain had shorter 



flood durations, were drier in composition, and had 17 percent 
fewer trees in 2004 than in 1976. The change to drier forest 
composition is expected to continue for at least 80 more years. 
Floodplain drying was caused by large declines in river levels 
resulting from erosion of the river channel after 1954 and from 
decreased flows in spring and summer months since the 1970s. 
Water-level declines have been greatest at low and medium 
flows, which are the most common flows (occurring about 80 
percent of the time). Water levels have remained relatively 
unchanged during large floods which continue to occur about 
three times per decade.



A study conducted by the U.S. Geological Survey 
compared temporal changes in hydrologic conditions, forest 
composition, forest characteristics, and individual species 
of trees, as well as estimated the potential for change in 
composition of floodplain forests in the nontidal reach of the 
Apalachicola River. The study was conducted with the coop‑
eration of the Florida Department of Environmental Protection 
and the Northwest Florida Water Management District. Forest 
composition and field observations from studies conducted in 
1976-1984 (termed “1976 data”) were used as baseline data 
for comparison with data from plots sampled in 2004-2006 
(“2004 data”).



Flood durations were shorter in all periods subsequent 
to 1923-1976. The periods of record used to calculate flood 
durations for forest data were subsets of the complete record 
available (1923-2004). At sampled plots in all forest types 
and reaches combined, flood durations changed an average 
of more than 70 percent toward the baseline flood duration 
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Greater hydrologic variability in recent years may be the 
reason swamps have had a large decrease in tree density. Drier 
conditions are detrimental for the growth of swamp species, 
and periodic large floods kill invading bottomland hardwood 
trees. The loss of canopy density in swamps may result in the 
swamp floor being exposed to more light with an increase 
in the amount of ground cover present, which in turn, would 
reduce tree replacement. The microclimate of the swamp 
floor would become warmer due to the decrease in shade and 
inundation. Soils would become dehydrated more quickly 
in dry periods and debris would decompose more quickly. 
A loss of tree density in swamps would lead to a decrease 
in tree and leaf litter biomass, which would have additional 
effects on swamp organisms. The loss of litter would result in 
a loss of substrate for benthic organisms in the floodplain and, 
ultimately, in the downstream waters of the river and estuary.



Introduction 
The Apalachicola River is a large alluvial coastal plain stream 
with an extensive forested floodplain. Many species of plants 
and animals, both aquatic and terrestrial, live in the diverse 
aquatic and wetland habitats found in river floodplains. During 
floods, floodwaters are contained within floodplains and, when 
waters subside, floodplain soils retain moisture, ameliorating 
the effects of both floods and droughts, and improving water 
quality by removing contaminants. The benefits of protecting 
and maintaining healthy floodplain ecosystems have been 
described by many authors (Brinson and others, 1981; Clark 
and Benforado, 1981; Wharton and others, 1982; Davis 
and others, 1996; Messina and Conner, 1998; Mitsch and 
Gosselink, 2000). 



Hydrology is the most important factor determining 
ecological processes in floodplains (Greeson and others, 1979; 
Gosselink and others, 1990; Lugo and others, 1990; Carter, 
1996). Inundation, soil saturation, flood depths, and flowing 
water affect plant regeneration and survival and the conse-
quent composition of floodplain forests (Light and others, 
1993; 2002). Increased demands for water in the Apalachicola-
Chattahoochee-Flint (ACF) River Basin (fig. 1) have resulted 
in conflicts among water-user groups in the States of Georgia, 
Alabama, and Florida, particularly during periods of regional 
drought. The effects of altered hydrologic conditions on flood-
plain forests, streams and sloughs, and the downstream river 
and estuary are important issues to be considered in resolving 
these conflicts. 



The effects of drier hydrologic conditions on forest 
composition in river floodplains are usually not imme-
diately evident, but gradual shifts in composition from 
flood-tolerant species to species of drier sites are expected 
to occur over time (Klimas, 1988). Results from a study by 
Palta and others (2003) indicate that decreased tree-diameter 
growth and possible changes in forest composition due to 
invading upland and exotic species were linked to changes 



in hydrology following dam construction on the Savannah 
River. Other effects of altered flow regimes on the Savannah 
River might be decreased seed transport and inhibition of seed 
germination and early growth in bald cypress and water tupelo 
seedlings. In these studies, floodplains have experienced 
either a decrease or an increase in flood durations. This report 
addresses the changes in Apalachicola River floodplain forests 
caused by drier conditions during low and medium flows 
without a significant change in conditions during large flood 
events.



Purpose and Scope 



A study was conducted by the U.S. Geological Survey 
(USGS) with the cooperation of the Florida Department of 
Environmental Protection (FDEP) and the Northwest Florida 
Water Management District (NWFWMD) to assess changes 
that have occurred in forests in the nontidal floodplain of the 
Apalachicola River. The objectives of this report are to:



Compare 1976 to 2004 hydrologic conditions in •	
floodplain forests 



Compare 1976 to 2004 composition of floodplain •	
forests



Describe changes in other forest characteristics, •	
including changes in abundance of individual species 
of trees



Estimate the potential for future change in composition •	
of floodplain forests.



The study area includes the nontidal reach of the 
Apalachicola River from the Jim Woodruff Dam at river mile 
(rm) 106.4, downstream to the beginning of the tidal reach at 
rm 20.6 (fig. 2). Fieldwork conducted to sample 2004 forest 
composition was performed from October 2004 to August 
2006.
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Figure 1.  Drainage basin of the Apalachicola, 
Chattahoochee, and Flint Rivers in Florida, 
Georgia, and Alabama.
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Setting and Background



The Apalachicola River is formed by the confluence of 
the Chattahoochee and Flint Rivers near the Georgia-Florida 
State line (fig. 1). The ACF basin covers an area of 50,800 
square kilometers (km2). The Chattahoochee and Flint Rivers 
in Georgia and Alabama drain about 90 percent of the basin. 
The remaining 10 percent of the basin, located primarily 
in Florida, is drained by the Apalachicola River and its 
largest tributary, the Chipola River. The Apalachicola River 
floodplain is the largest floodplain in Florida with 33,300 
hectares (ha) of bottomland hardwood forests and swamps 
in the nontidal reaches. More than 70 tree species grow in 
the Apalachicola River floodplain, ranking this area as high 
among North American floodplains in tree species richness 
(Brinson, 1990). 



Floodplain Study Area and Forest Types



The floodplain of the Apalachicola River is the land 
covered by water from the river during the typical annual 
flood (2-year, 1-day high flow). Flooding usually occurs in 
late winter through early spring with low flows in September 
through November (Leitman and others, 1984). The floodplain 
is within the physiographic area called the Coastal Lowlands 
(Puri and Vernon, 1964), an area that is generally low in 
elevation; the fall of the nontidal river from its head at Jim 
Woodruff Dam to rm 20.6 is about 12.5 meters (m) over a 
stream length of 137 km (Light and others, 2006), an average 
gradient of 0.09 meter per kilometer (m/km). Soils in the 
nontidal Apalachicola River floodplain are predominantly clay 
with some silt-clay and clay loams. Sandy soils are found on 
sandbars, high ridges, and levees.



The nontidal floodplain of the Apalachicola River is 
divided into three reaches (fig. 2). The upper reach begins 
just below Jim Woodruff Dam at rm 106.4 and extends about 
47 km downstream to a streamflow gaging station (gage) 
located near Blountstown at rm 77.5. The middle reach is 
the longest reach, about 58 km long, ending at a gage near 
Wewahitchka at rm 41.8. The nontidal lower reach is about 
34 km long, extending from Wewahitchka to a gage near 
Sumatra at rm 20.6. In the upper reach, the floodplain is 
2-3 km wide with high bluffs on the eastern bank. The flood‑
plain valley widens in the middle and lower reaches to 
a maximum width of 6-8 km. The tidal reach was not included 
as part of this study.



The lowest elevations of the floodplain (excluding 
permanent open-water bodies) are tupelo-cypress swamps 
that are continuously flooded for 4 to 9 months each year. 
Low bottomland hardwood (Loblh) forests are present on low 
ridges and flats where continuous flooding lasts 2 to 4 months 
yearly. High bottomland hardwood (Hiblh) forests grow on the 
higher elevations of the floodplain (levees and ridges) that are 
commonly inundated for 2 to 6 weeks each year (Leitman and 
others, 1984).



 Population and development along the river are rela‑
tively sparse. Timber interests control large parts of the upper 
and middle reaches of the floodplain, but the lower reach is 
now principally conservation lands owned by the State of 
Florida. Cypress trees were systematically logged throughout 
the floodplain from the 1880s to the 1920s, and only a small 
number of very large, old cypresses remain today. Most of the 
logging of the past was selective cutting for desirable timber 
trees (Neal Land and Timber Company, oral commun., 2004), 
but more recently, many areas of the floodplain have been 
clear-cut or nearly so. Aerial photographs of the floodplain 
taken in 1941 show a mostly continuous forest canopy with 
faint striations that were probably caused by draglines from 
the removal of cypress trees (fig. 3).



Water-Level Decline in the Apalachicola River



Water levels have declined over the past 50 years as 
a result of both erosion of the river channel locally and 
decreased spring and summer flows from the upstream 
watershed (Light and others, 2006). The combined effects 
of both types of water-level declines vary by location along 
the river and have been greatest at low and medium flows of 
less than 850 cubic meters per second (m3/s) (30,000 cubic 
feet per second (ft3/s)), which are the most common flows 
(occurring about 80 percent of the time). Declines have 
been most severe during drought conditions in the spring 
and summer months of April, May, July, and August, with 
river levels 1.9 m lower at the Chattahoochee gage and 0.9 m 
lower for most of the remaining nontidal river (fig. 4). Water 
levels have not declined appreciably during large floods of 
2,830 m3/s (100,000 ft3/s) or greater, which continue to occur 
as frequently as prior to 1954 (about three times per decade).



In the upper 64 km of the Apalachicola River, water-level 
declines caused by channel erosion occurred primarily as a 
consequence of the construction of Jim Woodruff Dam in 
1954. Trapping of sediment in the reservoir formed by the dam 
resulted in the scour of riverbed sediments downstream from 
the dam. The influence of the dam on bed scour was greatest 
just downstream from the dam, where a decline of 1.5 m 
occurred, and progressively decreased with increasing distance 
from the dam to a decline of 0.3 m about 16 km downstream 
from Blountstown. The relatively large water-level decline of 
0.9 m near rm 35 in the lower reach of the river (fig. 4) was 
probably a result of several meander cut-offs (rerouting of 
the river channel at bends in the river) constructed in 1956 
and 1969 that shortened the length of the river in the lower 
reach by 3.2 km. (When river straightening shortens a river, 
it steepens the slope of the riverbed, increasing flow velocity 
and, therefore, increasing bed scour.) In addition, dredging, 
dredged material disposal, snagging (dead tree removal), 
and other navigational improvements conducted throughout 
the entire nontidal river probably contributed to water-level 
declines in all reaches. Channel maintenance practices were 
changed in the late 1970s to reduce environmental impacts. 
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Figure 2.  Major reaches, forest sampling 
transects, and locations of long-term 
streamflow gaging stations on the 
Apalachicola River, Florida.
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Figure 3.  The forest canopy in 
1941 in the vicinity of the BLT 
transect on the Apalachicola 
River floodplain, Florida. 
The tree canopy appears 
relatively mature and nearly 
continuous despite the removal 
of cypress trees that primarily 
took place from the late 1880s to 
the early 1920s.



Figure 4.  Long-term water-level decline 
corresponding to map location on the 
Apalachicola River, Florida, in April, 
May, July, and August during drought 
conditions. Drought conditions are 
defined as the lowest 10 percent 
of the flows. See Light and others 
(2006) for methods used to calculate 
these data and for results individually 
by month at one location (rm 77.5).
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As a result, additional water-level declines from channel 
erosion since the late 1970s have been relatively minor (Light 
and others, 2006). 



Decreased spring and summer flow from the upstream 
watershed during drought conditions have resulted in further 
declines since 1975 that have lowered water levels throughout 
the entire river. Water-level declines caused by these seasonal 
decreases in flow have been similar to or greater than the 
declines caused by channel erosion along 90 km of the river 
and for more than two-thirds of the nontidal floodplain 
primarily in the middle and lower reaches (fig. 4). Less flow 
during the spring and summer in recent decades is likely 
caused by a combination of changes in rainfall patterns 
and increased human activities in the ACF basin, including 
agricultural irrigation, municipal water use, flow regulation, 
and reservoir evaporation (Light and others, 2006). 



Influence of Flooding on Tree Seedling 
Regeneration in Floodplain Forests



Overbank flooding subjects floodplain forests to inunda‑
tion, saturation, or flowing water conditions. Seeds of trees in 
the floodplain usually do not germinate underwater, so seed‑
lings become established between floods. The long duration of 
inundation and deep flooding that occur in floodplain swamps 
control forest composition primarily through a process of 
exclusion, drowning the seedlings of most bottomland hard‑
wood species before they can become established (Hosner, 
1960; Light and others, 1993). The seedlings of two common 
swamp trees, water tupelo and bald cypress, are more likely 
to survive in swamps because they grow faster than most 
bottomland hardwood species (Harms, 1973; Brown, 1984). 
Taller seedlings are less likely to be totally submerged by 
floods. Swamp tree species also have various physiological 
adaptations for growing in saturated, anoxic soils (Harms, 
1973; Hook and Crawford, 1978; Brown, 1984). Solitary 
individuals of bald cypress grow well at higher elevations 
in the floodplain, and even do well when planted on upland 
sites, but natural stands with large numbers of bald cypress 
trees are present only where flooding lasts long enough to 
limit competition from other species. Limited competition is 
also a necessary prerequisite for the establishment of water 
tupelo trees, but unlike bald cypress, water tupelo requires 
wet conditions to thrive in the seedling stage and will not 
grow well under drier conditions (Applequist, 1959a, 1959b; 
Dickson and others, 1965). More tree species are adapted for 
survival in bottomland hardwoods where flood durations are 
shorter than in swamps. Bottomland hardwood species that 
recover quickly from periods of inundation and saturation 
in the growing season have a competitive advantage in river 
floodplains over upland species. 



Methods
Basal area, density, and other characteristics of forest 



composition were sampled using different methods in several 
studies conducted from 1976 to 1984 and in the present study 
from 2004 to 2006. River stage records at each forest transect 
were estimated from long-term streamgage records and used 
to calculate flood duration, depth, and frequency by forest 
type and reach. 



Forest Sampling



Four previous forest sampling studies conducted from 
1976 to 1984 provided baseline information for the current 
study: 



The Leitman thesis study (Leitman, 1978) (hereafter •	
called the “thesis study”)



The Apalachicola River Quality Assessment (ARQA) •	
study (Leitman and others, 1984)



The Eichholz study (Eichholz and others, 1979)•	



The Gholson study (Gholson, 1985). •	
Forest sampling was repeated during the current study in 
2004-2006 at many of the sites sampled previously from 
1976-1984. 



Quantitative results from the thesis study (conducted 
from 1976 to 1977) and the ARQA study (conducted in 1979) 
are collectively referred to as “1976 data,” and recent sampling 
(conducted from 2004 to 2006) is referred to as “2004 data.” 
The 1976 and 2004 data were collected at 12 transects in the 
nontidal river floodplain (fig. 2). The following abbreviations 
are used throughout this report for identifying the transects: 
CH, Chattahoochee; TO, Torreya; SE, Sweetwater; BLT, 
Blountstown; OR, Old River; MR, Muscogee Reach; PL, 
Porter Lake; WEW, Wewahitchka; EA, EB, and EC, Eichholz 
transects A, B, and C; and BR, Brickyard. 



A comparison of methods used to collect and analyze 
1976 and 2004 data is presented in table 1. All individual 
sample points and plots in this study are called “plots” regard‑
less of sampling methods used to obtain data. 



Thesis Study, 1976-1977



The objective of the thesis study was to correlate 
elevations, water levels, and soils to tree communities on 
the Apalachicola River floodplain. Two transects, BLT 
and WEW, were located near gaging stations on the river 
and were each about 1 ha in size (Leitman, 1978). All 
trees greater than or equal to (≥) 7.5 centimeter (cm) in 
diameter at breast height (dbh) were identified, measured 
for dbh, surveyed for elevation, and mapped using an 
alidade and plane table. Buttressed, forked, or deformed 
trees were measured for dbh according to methods in Avery 
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(1967). Trees with multiple trunks were counted as one tree, 
and only the largest trunk was measured for dbh. The cross-
sectional area of each tree trunk was computed from the 
dbh (area = π * (dbh/2) 2) and summarized as basal area in 
square meters per hectare. Density was determined as the 
number of trees per hectare. Transects were subdivided into 
11 plots (5 at BLT, 6 at WEW) based on ground elevations 



and species associations. Species dominance at plots was 
calculated as relative basal area (rba; the sum of basal area 
for all trees of each species divided by the total basal area 
at each plot) and as relative density (rd; the total number of 
trees of each species divided by the total number of trees on 
each plot). Data collection took place from September 1976 
to September 1977.



Table 1.  Methods used to collect and analyze 1976 and 2004 composition data from forests of the Apalachicola River floodplain, Florida.



[ARQA, Apalachicola River Quality Assessment; cm, centimeter; dbh, diameter at breast height; GIS, geographic information system; GPS; global positioning 
system; ha, hectare; m, meter; m2, square meters; rm, river mile]



Task or parameter 
sampled



Sampling and analysis methods



1976 Data



2004 Data
Thesis transects a



ARQA  Data b 



Cruise transects Intensive Plots



Location and 
selection of 
sampling transects, 
points, and plots



Transects (BLT and WEW) placed 
near gages. Sites selected for 
relatively undisturbed, mature 
forest appearance and presence 
of all forest types. Sites subdi-
vided into 11 plots (5 at BLT, 6 at 
WEW c) based on ground eleva-
tions and species associations.



Transects spaced at regular 
intervals along the downstream 
gradient.Transect at rm 29 and 
parts of two other transects 
not sampled due to logging or 
agricultural use. Points spaced at 
regular intervals (usually 91.5 m 
apart) along transects.



Plots located on two ARQA 
cruise transects (SE and BR). 
Plots selected for relatively 
undisturbed, mature forest 
appearance.



Approximate location of most 
plots determined on GIS and 
then located in field using 
GPS. Exact location of BLT 
and WEW plots established in 
field. Plots typically placed in 
relatively undisturbed, mature 
forests.



Tree sampling  
method



All trees within a defined area iden-
tified and measured. Trees mapped 
using alidade and plane table.



Cruise sampling using glass  
wedge prisms to select trees to  
be identified and measured.



All trees in a plot with an 
area of 506 m2 identified and 
measured.



All trees in plot with an area 
of 531 m2 identified and mea-
sured. Surviving original trees 
at BLT and WEW transects 
identified, tagged, and mea-
sured; new trees identified and 
measured.



Sizes of trees  
sampled



All trees with dbh ≥ 7.5 cm



No size limits. Original data 
included 42 trees with dbh ≥ 2  
and < 7.5 cm that were not used  
in analysis.



All trees with dbh ≥ 7.5 cm



All trees with dbh ≥ 2.5 cm. 
For trees with dbh ≥ 2.5 and 
< 7.5 cm, dbh recorded as 
“less than” (exact dbh not 
recorded).



Dates of data 
collection



September 1976 to  
September 1977



August 1979 to  
December 1979



August 1979 to  
December 1979



October 2004 to  
August 2006



Calculation of 
basal area basal area = πr2



The basal area of every tree 
sampled at each cruise transect 
point was equal to the basal area 
factor of the prism used at that 
point.d



basal area = πr2 basal area = πr2



Calculation of  
density



density = number of trees/ha
3183.0989/(dbh X PRF)2, where 
PRF = “plot radius factor” for 
prism used.d



density = number of trees/ha density = number of trees/ha



a Leitman (1978).
b Leitman and others (1984).
c One plot on a point bar with a young pioneer forest was not included in this study.
d Calculations of basal area and density based on Avery (1967).
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Apalachicola River Quality Assessment (ARQA) 
Study, 1979



The ARQA was part of a national USGS river water-
quality assessment program. One of the objectives of the 
ARQA was to relate the distribution and composition of 
floodplain forests to hydrologic conditions. Vegetation 
data for ARQA studies was collected at two types of sites, 
cruise transects and intensive plots, employing two different 
sampling methods.. Forests on cruise transects were sampled 
with methods that were developed to enable timber cruisers 
to rapidly assess the overall condition of large forest stands 
by sampling at many points with a minimum amount of 
data collected at each point (Kulow, 1965; Avery, 1967). 
Forests at intensive plots were sampled using standard plot-
sampling methods to quantify forest composition in more 
detail (Leitman and others, 1984). Vegetative data collection 
at ARQA cruise transects and intensive plots began in August 
1979 and continued through December 1979.



Cruise Transects



Seven cruise transects (CH, TO, SE, OR, MR, PL, 
and BR) across the floodplain were approximately equally 
spaced from the Jim Woodruff Dam at Chattahoochee to just 
downstream from the gage at Sumatra (fig. 2). One of these 
transects, PL, did not span the full width of the floodplain 
because of logging activities. No transect was surveyed 
between the Wewahitchka gage and the Sumatra gage because 
of clear-cutting at the selected location. Although the BR 
transect is 0.8 rm downstream from the Sumatra gage, data 
from the eastern half of the transect were included in the 
current study, because tidal influence is minimal in forests 
on the eastern end of the transect. An eighth cruise transect 
located downstream from BR was not used in the current 
study, because the transect was tidally influenced. Locations 
of transects in the field were determined using USGS quad‑
rangle maps and field-reckoning techniques. Cruise-transect 
sampling points were usually spaced at 91.5 meter (m) 
intervals across each transect, determined by pacing along a 
predetermined bearing using a handheld compass.



Sampling at each point along cruise transects 
was conducted using glass wedge prisms. The prism-
sampling method uses no minimum tree diameter limit and 
no defined plot size. Species, dbh, and prism basal area 
factor were recorded for every tree sampled at each point. 
The prism basal area factor was selected in the field based 
on the heterogeneity of the plot and the optimum number of 
trees per sample. Basal area and density were calculated for 
tree species at sampled points using the formulas listed in 
table 1 which were developed for timber cruising using the 
prism-sampling method (Kulow, 1965; Avery, 1967). Although 
data from cruise transects were obtained at sampling points, 
all locations where data were collected are referred to as 
“plots” for convenience when discussing data from multiple 



studies. ARQA cruise-transect data were the only data 
used in this report that were collected by using the prism-
sampling method.



Five forest types designated A through E were defined 
using the conventions of Eyre (1980). Types A and B were 
bottomland hardwood forests and C, D, and E were swamp 
types. Out of 160 cruise-transect plots surveyed in the nontidal 
reaches, 13 plots were not assigned forest types because forest 
definitions did not cover all possible compositions and were 
not mutually exclusive.



Intensive Plots



At 16 intensive plots on two of the cruise transects (SE 
and BR) hydrologic and vegetative data were collected more 
intensively than at cruise-transect plots. Five of the intensive 
plots on the western end of the BR transect were not used in 
the current study because of tidal influence. Intensive plots 
were located on or close to the cruise transects in all forest 
types. The optimum plot size was determined by conducting 
a nested-plot test (Mueller-Dombois and Ellenberg, 1974). 
Intensive plots were square and 506 square meters (m2) in 
area. Rules for determining dbh and basal area were similar 
to those used on the thesis plots (Leitman, 1978). Species and 
diameter were determined for every tree in the plot with a 
dbh ≥ 7.5 cm. Calculations of basal area, rba, density, and rd 
were made for species in each plot. Forest-type designations 
were the same as those developed for cruise transects.



Eichholz Study, 1978
The purpose of the Eichholz study was to assess 



the impact of U.S. Army Corps of Engineers (USACE) 
dredged material disposal practices on fish and wildlife 
resources of the Apalachicola River (Eichholz and others, 
1979). Twelve spoil disposal sites were selected for sampling; 
five of these sites were located in the nontidal part of the 
floodplain. At each site, transects perpendicular to the river’s 
edge were established across spoil sites and in adjacent 
areas not affected by disposal. The unaffected transects 
were controls for assessing the effects of disposal practices. 
Site maps were created and points at 30-m intervals along 
transects were sampled using a point-centered quarter method. 
Ash (Fraxinus) and gum (Nyssa) trees were not identified 
to species. Data were collected in November 1978. Average 
percentage cover for species for entire transects was summa‑
rized in tables, but forest composition at the original sampling 
points is unknown because the raw field data from this study 
are not available. Although quantitative forest composition 
data from the Eichholz study were not used in the current 
study, 1978 site maps and summarized forest data were helpful 
in classifying 22 new plots that were located on three Eichholz 
control-site transects (EA, EB, and EC) and sampled in the 
2004 data. In addition, lists of species from the Eichholz study 
were compared with 2004 data for analysis of the distribution 
of species.
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Gholson Study, 1984
The purpose of the Gholson study was to collect 



vegetation data on and near within-banks disposal sites 
and compare it to vegetation on undisturbed sites to assess 
biological impacts of within-banks disposal (Gholson, 
1985). A total of 17 study sites were located along the main 
channel, 11 of which were located in the study area of the 
current study (5 at disposal sites, 6 at nondisposal sites). 
During the months of October and November 1984, a 
large area was surveyed at each site for plant species in 
several topographic zones defined by Gholson. Results in 
the Gholson report include lists of plant species from all 
strata, maps, photographs, and a brief description of the 
condition and aspect of each site. Lists of species from the 
Gholson study were compared with 2004 data for analysis of 
the distribution of species.



Current Study, 2004-2006
Forest composition was sampled at 95 plots located 



along 12 transects (2 thesis transects, 7 ARQA cruise 
transects, and 3 Eichholz transects). At the thesis transects 
(BLT and WEW), the exact location of the plots was recov‑
ered and surviving individual trees were remapped. Part of 
the original levee plot at BLT had eroded into the river, and 
the WEW transect was logged sometime between 1999 and 
2004, completely destroying two of the original six plots 
(fig. 5). Two plots (one was an old sandbar that was not used 
in the current study) remained intact, and two plots were 
partially intact. Comparisons between 1976 and 2004 forest 
composition for damaged plots were based on partial plots 
with boundaries defined by the 2004 extent. 



The exact locations of original ARQA cruise transects, 
ARQA intensive plots, and Eichholz transects were not 
recoverable, so transects were drawn on Geographic 
Information System (GIS) maps using maps, aerial photo‑
graphs, and field notes from the original studies. The coor‑
dinates of plots to be sampled were determined in the office 
on GIS maps to reduce the possibility of being subjectively 
located in the field. Plots in the most undisturbed areas of 
forests were selected for sampling in the field from the set of 
predetermined locations after traversing the entire transect. 
Three plots (two at OR and one at MR) were located 
between cruise-transect plots in homogeneous sections of the 
OR and MR transects because the predetermined plot loca‑
tions were in transitional areas. Two plots were located in 
undisturbed areas near the CH and WEW transects, because 



the predetermined plots had been clear-cut. Twenty-two 
plots at the Eichholz transects were spaced 50 m apart to 
prevent unintentional overlap resulting from global posi‑
tioning system (GPS) error. Although the original Eichholz 
data collected in 1978 could not be used in this study, new 
plots along the Eichholz transects (EA, EB, and EC) were 
added to the 2004 data to provide information on forest 
composition and hydrologic conditions in a part of the lower 
reach that was not otherwise sampled. 



Replicate plots sampled in 2004 were placed at the 
exact location as thesis plots or as close as possible to the 
location of other (non-thesis) plots sampled in 1976. There 
were 71 pairs of replicate plots, each of which had a 1976 
sample and a 2004 sample for a total of 142 plots. The repli‑
cate plot group does not include 110 plots sampled in 1976 
that were not replicated in 2004, and 24 plots sampled in 
2004 that had no 1976 replicates (1 near CH transect, 1 near 
WEW transect, and 22 at EA, EB, and EC.



Plots in the 2004 dataset (with the exception of extant 
thesis plots) were circular with a 13 m radius and an area 
of 531 m2, and were created using fiberglass tape and 
flagging to delineate the outer perimeter. All trees with a 
dbh ≥ 7.5 cm (termed “canopy trees” in this report) were 
identified to species and measured for dbh. Common names 
of tree species are used throughout this report. A list of 
common and scientific names is given in appendix 1. Rules 
for determining dbh and basal area were the same as those 
used on the thesis and ARQA intensive plots. In addi‑
tion to canopy data, trees with a dbh less than (<) 7.5 cm 
but ≥ 2.5 cm and greater than (>) 3 m in height (termed 
“subcanopy trees”) were identified to species and counted. 
Exact dbh measurements were not recorded for subcanopy 
trees. Subcanopy dominance was based on density, because 
it is an appropriate measure of dominance of trees with small 
dbhs. Calculations of basal area, rba, density, and rd (density 
and rd only for subcanopy trees) were made for individual 
species at each plot.



 A visual estimate of the extent of ground cover 
was made and the dominant ground-cover species recorded. 
If surface water was present, a percent estimate of the extent 
of the plot covered by water and the depth of water was 
noted. A numbered aluminum tag was nailed into the tree 
closest to the center of each plot. Plots may be recoverable 
for future surveys depending on the accuracy of GPS loca‑
tions, logging activities, and the survival of marked trees.











Methods    11



Figure 5.  Changes at the WEW transect on 
the Apalachicola River floodplain, Florida, from 
1959 to 2004. When the transect was originally 
established in 1976, there was a young pioneer 
forest at the south end that is visible in the 
1979 photograph but was unvegetated and 
under water in 1959 photograph. The 2004 
photograph shows continued accretion on 
this point bar extending well beyond the south 
end of the transect. The red arrow on the 
2004 photograph indicates a small remnant of 
swamp that was left after most of the transect 
was clear cut.



Florida Department of Environmental Protection



Wewahitchka
transect



2004



National Oceanic and Atmospheric Administration



Wewahitchka
transect



1979



Wewahitchka
transect



1959



Florida Department of Transportation











12    Drier Forest Composition Associated with Hydrologic Change in the Apalachicola River Floodplain, Florida



Analysis of Forest Data



Rules for determining forest types for 1976 plots were 
developed using dominance of species. Basal area and 
density from all plots were weighted by area of forest types to 
determine the composition of 1976 and 2004 forest types and 
the abundance of species throughout the nontidal floodplain. 
Replicate plot data were used to calculate average basal area 
and density for forest types and species groups. Growth rates, 
tree ages, mortality, and recruitment of tree species were 
calculated from the data on individual trees available from the 
thesis plots. A Floodplain Index (FI) was developed to quan‑
tify and compare composition of forests on a scale of relative 
wetness or dryness from swamp to upland forests. 



Forest Type Determinations using Floodplain 
Species Categories



Forest types for all plots in the 1976 data were redeter‑
mined using the dominance of species weighted by a factor 
developed in this study called the Floodplain Species Category 
(FSC). The assignment of FSCs to tree species was based 
principally on the typical habitat where tree species grew on 
the Apalachicola River floodplain during 1976-1979. Species 
were grouped into four categories, FSC1, FSC2, FSC3, and 
FSC4, with corresponding values from 1 to 4. FSC1 species 
were more dominant in swamps; FSC2 species were more 
dominant in Loblh; FSC3 species were more dominant in 
Hiblh; and FSC4 species were atypical bottomland hardwood 
species or upland species that were found on the higher eleva‑
tions of the floodplain. Additional sources of information used 
to determine FSCs for species were dominance patterns on 
five other north Florida stream floodplains (Light and others, 
1993, 2002), wetland indicator status (Reed, 1988), and other 
accounts of tree species (Fowells, 1965; Clark and Benforado, 
1981). The FSC assigned to each species in the 1976 and 2004 
data is listed in appendix 1. 



All plots from the 1976 data were redetermined as three 
forest types: Hiblh, Loblh, and swamps by applying rules 
based on the dominance of species weighted by FSC catego‑
ries (table 2). Rules were designed to be mutually exclusive 
and to yield a type determination for all possible forest compo‑
sitions. Canopy dominance was calculated from basal area in 
this study, because basal area more closely represents cover 
or biomass for canopy trees than density. Previous studies in 
the Apalachicola River and on other north Florida streams 
used basal area as the principal determinate of forest type. 
An example of the calculation of forest type for a hypothetical 
forest plot is shown in table 2.



Redeterminations using the above rules resulted in forest 
types that were like those used in the ARQA study (Leitman 
and others, 1984), with Hiblh similar to their “Type A” forest, 
Loblh forest similar to “Type B”, and swamps analogous 
to forest types C, D, and E. Other forest types used in the 
ARQA study (“Pioneer” and “A/pine”) were not included in 



the present study. Previous rules for determining forest types 
used by Leitman and others (1984, p. A31) were not mutually 
exclusive, and 8 percent of the cruise-transect plots remained 
unclassified in that study, because they did not fit any of the 
forest types. Using the new rules, 4 cruise-transect plots (out of 
a total of 160) and 1 ARQA intensive plot changed forest type 
from that which was originally assigned, and all 13 previously 
unidentified cruise-transect plots were given a forest type. 



To measure change from baseline (1976) to recent (2004) 
conditions, plots sampled in 2004 needed to be assigned 
the same forest type as the original plot in 1976, regardless 
of their 2004 composition. Therefore, all forest type deter‑
minations for the 2004 data were based on the forest types 
determined for 1976 plots from the rules created in this study. 
At the 24 plots that did not have a replicate in 1976 (1 at CH; 
1 at WEW; and 22 at EA, EB, and EC), the 1976 forest types 
were estimated by locating the plots on 1979 aerial infrared 
photographs and designating a 1976 forest type based on 
visual signatures, site maps (Eichholz and others, 1979), and a 
floodplain forest map (Leitman, 1984). Throughout this report 
all 1976 and 2004 data are grouped by the redetermined 1976 
forest types.



Basal Area and Density 
Basal area and density of species from all plots (181 plots 



sampled in 1976 and 95 plots sampled in 2004) were weighted 
to determine the composition of each forest type throughout 
the entire nontidal floodplain and to provide information on 
changes from 1976 to 2004 in the total basal area and number 
of trees in the floodplain. The same analysis of basal area and 
density of species was repeated using unweighted data from 
the replicate plots (71 pairs, 142 plots). Changes in basal area 
and density from 1976 to 2004 for all plots and for replicate 
plots were statistically analyzed using t-tests (paired two-
sample test for means). 



Species Composition of Forest Types



Forest type composition was calculated separately for the 
two 1976 sampling-methods sets: (1) ARQA cruise-transect 
data, sampled with prisms without defined plot sizes and 
(2) thesis and ARQA intensive-plot data combined, sampled 
with defined plot sizes. The separation of the 1976 data into 
the two sets was done to allow a comparison of composition 
determined by the two different sampling methods. Basal 
area and density for each species were determined for each 
plot individually. Data from each plot were considered equal, 
regardless of plot size. Data from all plots in each forest type 
in each reach were summed and then divided by the number of 
plots to yield the average basal area and density values of each 
forest type in each reach. 



 Average basal area and density of species in each forest 
type for each reach were weighted by a factor based on 
the area of each forest type in each reach of the floodplain. 
Weighting was necessary for several reasons: (1) forest types 
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Table 2.  Use of Floodplain Species Categories to calculate forest types for plots sampled in the Apalachicola River 
floodplain, Florida.



[The Floodplain Species Category (FSC) is based on the typical forest association for the species in 1976 data. Hiblh, high 
bottomland hardwood; Loblh, low bottomland hardwood; rba, relative basal area; >, greater than; ≥, greater than or equal to; 
<, less than; %, percent]



            FSC  
          Value Occurrence and dominance in 1976 Apalachicola River floodplain forests



      1 More dominant in swamps
      2 More dominant in Loblh
      3 More dominant in Hiblh
      4 Atypical bottomland hardwood or upland species



Example of forest type calculation for a hypothetical forest plot:



Species a Rba,  
in percent



FSC value
Rba of   



FSC2 species,  
in percent



Rba of   
FSC3 species,  



in percent



Rba of   
FSC4 species,  



in percent



water hickory   26.6 2 26.6    



American elm     2.6 2   2.6    



hackberry   23.0 3   23.0  



sweetgum   19.9 3   19.9  



box elder   14.9 3   14.9  



water oak     2.4 3   2.4  



persimmon     1.8 3   1.8  



possum haw     0.5 3   0.5  



winged elm     8.3 4     8.3



        Total 100.0 29.2 62.5 8.3



Rules for defining forest types:



Swamp Total rba of FSC1 species ≥ 50%



Loblh Total rba of FSC1 + FSC2 species ≥ 50% and total rba of  FSC1 is < 50%



Hiblh Total rba of FSC3 + FSC4 species ≥ 50% and total rba of FSC4 is < 50%



Upland Total rba of FSC4 species ≥ 50%



Application of rule to determine forest type in above example:



Total rba of FSC3 + FSC4  species ≥ 50% and total rba of FSC4 species is < 50%,  
so forest type is Hiblh.



a See appendix 1 for scientific names.
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change in species composition from the upper to the lower 
reach, (2) forest types vary in area from reach to reach, and 
(3) sampling was not done in either 1976 or 2004 in propor‑
tion to the amount of each forest type in each reach. The areas 
of forest types in each reach were derived from a digitized and 
edited GIS version of a floodplain map created by Leitman 
(1984). The areas of forest types in each reach and the 
weighting factors are shown in appendix 2.



Weighting factors were applied to average species 
composition data in each reach and results were combined 
for each forest type to yield the composition of forest types 
in the nontidal floodplain for each of the two 1976 sampling-
methods sets. The two 1976 sampling-method sets were 
compared statistically using the Wilcoxon matched-pairs 
signed-ranks test to see if there were significant differences 
between the two sets. The number of trees sampled on cruise 
transects (1,401) was nearly equal to the number of trees 
sampled at thesis and ARQA intensive plots (1,570) (table 3). 
The weighted species compositions of the two 1976 sampling-
methods sets were averaged together to yield the final 1976 
species composition. Data from plots sampled in 2004 were 
averaged, weighted, and combined by the same methods 
as each 1976 sampling-method dataset. Forest type species 
composition was based on all available 1976 data (from 181 
plots) and 2004 data (from 95 plots).



Abundance of Tree Species throughout the Nontidal 
Floodplain



Total basal area and number of trees in the nontidal 
floodplain were calculated for 15 important tree species and 
for all other species combined using weighted data from all 
1976 and 2004 plots. Data from forest types were combined 
in this analysis to assess the overall change in the abundance 
of species in the nontidal floodplain regardless of forest 
type. T-tests were used to test the significance of differences 
between the 1976 and 2004 weighted data and to determine 
the significance of differences between unweighted 1976 
and 2004 basal area and density from the replicate plots for 
individual species.



Forest Types and Floodplain Species Categories



The changes in basal area and density from 1976 to 2004 
for forest types and species grouped by FSCs were calculated 
using weighted data from the 71 pairs of replicate plots. The 
same analyses of basal area and density were repeated using 
unweighted data from the replicate plots, and statistics (t-tests) 
were calculated from unweighted replicate plot data.



Growth, Age, Mortality, and Recruitment from 
Thesis Data



Additional characteristics of tree species and forest types 
could be calculated and analyzed from the thesis data, because 
the locations of trees identified on 1976 thesis plots were 
recoverable for surviving trees in 2004. Growth rates, extrapo‑
lated tree ages, mortality rates, and recruitment rates for 
species and plots were used to understand the mechanisms of 
floodplain forest growth, structure, and replacement. Median 
ages (calculated from growth rates and extrapolated tree ages) 
of tree-size classes were also used to determine the length of 
time periods used in hydrologic analyses. 



Individual growth rates were calculated for each tree by 
dividing the change in dbh from 1976 to 2004 by the number 
of elapsed years. The elapsed time differed slightly between 
the two transects, 27.5 years at BLT and 28.2 years at WEW. 



Out of 462 surviving trees, 20 trees had negative growth 
and 11 trees had zero growth. All nonpositive growth rates 
were discarded because they generated an unusable value in 
the tree-age calculation (either an infinite age in the case of 
zero growth, or a negative age). Measurement errors could 
have occurred for a number of reasons. Most of the trees 
with negative growth rates had multiple trunks, and it was 
not possible to determine which trunk had been measured 
originally. Trees with attached vines or deformed trunks may 
not have been measured in the same way in 1976 and 2004. 



Table 3.  Characteristics of three sets of data from forests of the  
Apalachicola River floodplain, Florida.



[Canopy trees are all trees with diameter at breast height (dbh) ≥ 7.5 centi­
meters (cm); subcanopy trees, dbh < 7.5 and ≥ 2.5 cm; ARQA, Apalachicola 
River Quality Assessment]



Characteristic



1976 Data
2004  
DataARQA cruise  



transects



Thesis and 
ARQA  



intensive plots



Number of transects 7 4 12



Number of plots 160 a 21 95



Area sampled, in hectares na a 2.5 6.2



Number of canopy trees 1,401 1,570 3,572



Number of subcanopy trees 42 b 0 2,511



Number of species 38 40 47
a Cruise-transect data was sampled using a glass wedge prism at points 



without defined plot sizes.
b Not used in analyses.
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It is possible that the wrong tree could have been identified 
and measured. For most trees on the thesis plots, the mapped 
location, the 1976 dbh, and the locations of surrounding 
species made misidentification highly unlikely; however, for a 
few trees there was more than one possible candidate. 



Positive growth rates from 431 trees were averaged by 
species, and are presented in table 4 as supporting data used 
to develop methods described in the section “Hydrologic 
Time Periods Associated with Forest Sampling Groups.” 
Although growth rates of trees typically vary with age, the 
average growth rate for most species was based on a variety 
of tree sizes and ages. Growth rates could not be calculated 
for buttonbush, red mulberry, swamp privet, black willow, 
or water oak, because there were no surviving trees of these 
species, or for stiffcornel dogwood and chinaberry, which 
were species new to thesis plots in 2004.



The following formula was used to calculate extrapolated 
ages (summarized in app. 3) for each tree belonging to a 
species for which an average growth rate could be determined. 



(dbh / (average annual growth rate for species)) + 5 years = 
extrapolated age, in years 



The additional 5 years included in this formula is an 
estimate of the time necessary for a tree seedling to reach 
breast height and begin measurable diameter growth.



Growth rates calculated for some possum haw and 
persimmon trees were very slow, generating extrapolated 
ages as great as 560 years. To correct these assumed analysis 
errors, adjustments were made by capping all tree ages at 
a maximum of 360 years. This maximum age was based on the 
extrapolated age of the largest tree on the thesis plots, a bald 



Table 4.  Growth rates of tree species at the BLT and WEW transects on the Apalachicola River floodplain, 
Florida.



[Species growth rates were calculated from the average difference between measurements of diameter at breast height 
taken in 1976 and 2004 divided by the number of years elapsed between measurements. Negative or zero growth rates 
for individual trees were not included in the averaged rates. Scientific names of species are listed in appendix 1. cm/yr, 
centimeter per year; ≥, equal to or greater than  >, greater than; <, less than]



Species



Growth rate, in cm/yr  (number of trees sampled)
General description of 



growth rate
Forest type



Average
Hiblh Loblh Swamp



sycamore 0.76  (2) 0.57  (4)   0.63



fast 
(≥ 0.5 cm/yr)



swamp laurel oak 0.31  (7) 0.65  (29)   0.58



green ash 0.32  (6) 0.52  (22) 1.35  (1) 0.51



water tupelo     0.50  (25) 0.50



water hickory   0.46  (40)   0.46



above average 
(< 0.5 and ≥ 0.4 cm/yr)



sweetgum 0.41  (36) 0.48  (31)   0.44



overcup oak 0.35  (3) 0.43  (28) 0.21  (1) 0.41



river birch   0.41  (2)   0.41



bald cypress   0.37  (8) 0.43  (13) 0.41



Ogeechee tupelo   0.61  (4) 0.28  (13) 0.37
average 



(< 0.4 and ≥ 0.3 cm/yr)water locust   0.32  (6) 0.46  (2) 0.35



American elm 0.09  (3) 0.37  (12) 0.45  (3) 0.34



red maple   0.26  (10) 0.29  (7) 0.27



below average 
(< 0.3  and ≥ 0.2 cm/yr)



hackberry 0.21  (8) 0.29  (28)   0.27



winged elm 0.26  (5)     0.26



ironwood 0.23  (12) 0.23 (13)   0.23



popash     0.17  (11) 0.17



slow 
(< 0.2 cm/yr)



box elder 0.15 (4)     0.15



planer tree   0.15  (24) 0.11  (1) 0.15



green haw   0.06  (4)   0.06



possum haw 0.04  (7) 0.02  (3)   0.04



persimmon   0.03  (1)   0.03



Average 0.31  (93) 0.40  (263) 0.39  (75) 0.38  
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cypress at BLT (fig. 6). A total of 11 trees in 1976 and 3 trees 
in 2004 that exceeded the maximum age (all possum haw or 
persimmon) were given the maximum extrapolated age of 360 
years (app. 3). 



Median ages for canopy tree-size classes were the average 
of the median extrapolated ages in the 1976 and 2004 datasets 
(table 5). The extrapolated age of individual subcanopy trees 
could not be calculated because individual dbhs were not 
recorded. The median dbh of the subcanopy size class, 5 cm, 
and the average growth rate of all tree species on thesis plots, 
0.379 centimeter per year (cm/yr), were used to determine 
one median age for all subcanopy trees using the formula: 



 (5 cm / (0.379 cm/yr)) + 5 years = 18 years



Mortality rates were calculated by first dividing the 
number of trees that died since 1976 by the original number 
of trees alive in 1976, using the combined data of both thesis 
transects. The result was then divided by the average number 
of years that elapsed between data-collection dates which 
was 27.85 years. Recruitment rates were calculated in a 
similar manner using the number of canopy trees that appeared 
in the 2004 data that were not in the 1976 data. Recruitment 
rates do not include subcanopy trees.



Comparisons of Forest Type Composition using 
Floodplain Indices



A primary objective of this study was to measure species 
composition change over time to determine if floodplain 
forests have shifted toward a drier mix of species. To accom‑
plish this, a factor called the Floodplain Index (FI) was devel‑
oped to classify forest plot data on a scale of relative dryness 
using a continuum from pure swamp (1.000) to pure upland 
(4.000) forest composition. Wentworth and others (1988) 
proposed the use of a similar type of index as a basis for 
wetland designation. It is important that the FI value for a plot 
not be confused with its forest type. FIs were used to measure 
changes in the relative dryness of the species composition, 
whereas forest types were determined from 1976 data using 
FSCs and rules for defining forest types (table 2). FI values 
were not used to determine forest types. 



FIs for size classes at each plot were calculated by 
first multiplying the relative dominance of each species (based 
on rba for canopy trees and rd for subcanopy trees) by the FSC 
value for that species. All resulting values were then summed 
to determine the FI for the tree-size class of the plot. If 100 
percent of the basal area of the canopy on a plot in 1976 was 
contributed by FSC2 species, the FI value for the 1976 canopy 



Figure 6.  The largest tree in the 
1976 and 2004 datasets was a bald 
cypress tree at the BLT transect in 
the upper reach of the Apalachicola 
River floodplain near Blountstown, 
Florida. Photograph taken by 
Lee Reed.
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of the plot would be 2.000 (100 percent x 2). If 50 percent 
of the basal area of the canopy of the same plot in 2004 was 
contributed by FSC2 species and 50 percent by FSC3 species, 
then the FI for the 2004 canopy of the plot would be 2.5 = 
((50 percent x 2) + (50 percent x 3)). A change of +0.500 in 
an FI value is a change of 50.0 percent of the composition 
toward the next drier forest type. An example of the use of 
FIs to calculate change in composition at a hypothetical plot 
is given in table 6 where the change is +0.134 or 13.4 percent 
toward the composition of the next drier forest type.



FIs were used in two types of analysis to measure 
change in the relative dryness of species composition over 
time: changes in canopy species composition from 1976 to 
2004 at replicate plots and comparisons between size classes 
to estimate past and future composition. In addition, the 
FI differences between size classes on the Apalachicola River 
floodplain were compared to those on five other north Florida 
stream floodplains. For all FI analyses, the Wilcoxon matched-
pairs signed-ranks test was used to test for significance of 
differences. All probability (p) values that are < 0.1 are 
reported as significant in this report.



Changes in Floodplain Indices at Replicate Plots



Replicate plot analysis compared the FIs of 71 plots 
sampled in 1976 to the FIs of 71 plots sampled in 2004 which 
were located as nearly as possible at the original site of 1976 
plots. In the case of the 8 replicate plots at the thesis transects 
(BLT and WEW), 1976 plot locations were exactly recover‑
able in 2004. For parts of the thesis plots that were logged or 
otherwise altered between 1976 and 2004, the 1976 plot was 
limited to match the extent remaining in 2004. For example, 
part of the levee plot at BLT had eroded into the river by 2004, 
so the extent of the 1976 levee plot was reduced to match 
the remnant remaining in 2004. Restricting the 1976 data 



to remnant plots was necessary only for the replicate plot 
analysis. In the size-class analyses described below, FI values 
were calculated for all trees on the original plots. 



Size-Class Comparisons as an Indicator of Past and 
Future Forest Composition



The size of trees roughly correlates to their comparative 
age, because dbh increases with age. Trees in mature forests 
are constantly dying and being replaced by younger, smaller 
trees. Ultimately, all replacement canopy trees come through 
the ranks of sizes from seedling to sapling to subcanopy tree to 
canopy tree. 



Trees were grouped by their dbh into two major size 
classes: canopy trees (dbh ≥ 7.5 cm), and subcanopy trees 
(dbh < 7.5 and ≥ 2.5 cm). The term “canopy tree” in this report 
is based solely on dbh without regard to over- or under-story 
tree height. Canopy trees were further subdivided into large 
canopy trees (dbh ≥ 25 cm) and small canopy trees (dbh < 25 
and ≥ 7.5 cm). There were no subcanopy data available for 
the thesis and ARQA intensive plots. Although the dbh of 
trees was recorded on ARQA cruise-transect plots, size-class 
analyses were not performed on cruise-transect data, because 
size classes from the same plot extent were not available for 
data collected using the glass wedge prism method.



The composition of the 1976 large canopy tree-size class is 
the best representation of forest composition before water levels 
began to decline in 1954. The 1976 large canopy trees were 
probably seedlings or root sprouts in the late 1800s, and most of 
their lives were spent in the hydrologic conditions that existed 
before 1954. Forests in 2004 contained large canopy trees that 
were established prior to 1954, but they also contained some 
younger trees that had lived the greater part of their lives in the 
hydrologic conditions that had occurred since 1954. 



Table 5.  Median ages of tree-size classes in forests of the Apalachicola River 
floodplain, Florida.



[Median ages were calculated using the extrapolated ages of trees at the thesis sites (app. 3). 
Canopy trees are all trees with diameter at breast height (dbh) ≥ 7.5 centimeters (cm); large 
canopy trees, dbh ≥ 25 cm; small canopy trees, dbh ≥ 7.5 and < 25 cm; and subcanopy trees, 
dbh < 7.5 and ≥ 2.5 cm]



Tree-size class Dataset Sample size
Median age,  



in years
Average median 



age, in years



canopy
1976 702 72



73.5
2004 701 75



large canopy
1976 222 95



99
2004 270 103



small canopy
1976 477 50



52.5
2004 431 55



subcanopy 2004 2,507 18 a 18



a Extrapolated age for all subcanopy trees calculated from median dbh of 5.0 cm and 
average growth rate of all species at thesis sites.
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The subcanopy tree-size class reflects the most recent 
hydrologic conditions, because this size class contains the 
greatest percentage of young trees. Present subcanopy compo‑
sition can be used as an indicator of future canopy composi‑
tion, because older trees will eventually be replaced by the 
younger trees growing in today’s subcanopy, assuming future 
hydrologic conditions remain similar to conditions that have 
occurred recently. Some subcanopy species will never grow 
into canopy trees, but those species can serve as indicators of 
hydrologic conditions equally as well as canopy tree species. 
For example, possum haw, a species of limited size potential, 
was commonly sampled on 1976 Hiblh plots and was not 
present on 1976 swamp plots. The presence of possum haw in 
a swamp subcanopy in 2004 could indicate drier hydrologic 
conditions at the site and a drier canopy composition in the 
future, even though possum haw will never grow large enough 
to be a dominant tree by basal area in the canopy. 



Size-class analyses were conducted for each forest type 
and reach by comparing the FI values for the large canopy, 
small canopy, and subcanopy size classes to the FI value 
for the canopy trees. For example, if the large canopy tree-
size class had a lower FI value than the FI value for the 
composition of canopy trees, the difference may indicate that 
hydrologic conditions at the site were generally wetter during 
an earlier period of time (when establishment and growth of 
the large canopy trees occurred) than conditions were during 
the more recent past (when the smaller canopy trees became 
established and grew). If subcanopy trees had drier FIs than 
canopy trees, the site probably experienced drier hydrologic 
conditions in the most recent years, and the canopy will 
probably have a drier species composition in the future. 



Table 6.  Use of the Floodplain Index to calculate change in composition of forest plots in the Apalachicola River 
floodplain, Florida.



[The Floodplain Index (FI) is the total of the relative basal areas (rba) of canopy tree species weighted by Floodplain Species 
Category (FSC). See table 2 for a definition of FSC and appendix 1 for a list of scientific names and FSCs for each species. A 
change of + 0.01 in the FI is a change of 1 percent of the species composition to a drier forest type]



Calculation of FI values for change in a hypothetical floodplain forest plot:



1976 Composition 2004 Composition



Species Rba,  
in percent



FSC 
value



FI value Species
Rba,  



in percent
FSC 



value
FI value



water hickory   40.0 2 0.800 water hickory   26.6 2 0.532



American elm     2.6 2 0.053 American elm     2.6 2 0.053



hackberry   10.0 3 0.300 hackberry   23.0 3 0.689



sweetgum   17.0 3 0.510 sweetgum   19.9 3 0.598



box elder   14.9 3 0.446 box elder   14.9 3 0.446



water oak     2.4 3 0.071 water oak     2.4 3 0.071



persimmon     1.8 3 0.055 persimmon     1.8 3 0.055



possum haw     3.0 3 0.090 possum haw     0.5 3 0.014



winged elm     8.3 4 0.331 winged elm     8.3 4 0.331



  Total 100.0 2.656   Total 100.0 2.790



Change in composition from 1976 to 2004 is the difference in FI values at a hypothetical floodplain forest plot:



2004 FI    2.790
The difference of + 0.134 can be stated as a change  



of 13.4 percent of the species composition toward a drier  



forest type.



1976 FI    2.656



Difference +0.134
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Size-Class Comparisons on Other North Florida Stream 
Floodplains



Forest data from studies conducted on five other north 
Florida streams (Light and others, 1993; 2002) were compared 
with results of the current study to determine if the differences 
in FIs between size classes determined on the Apalachicola 
River floodplain are typical for north Florida streams. This 
analysis used a total of 16 transect sections (hereafter called 
plots) on six nontidal transects on the Suwannee River 
floodplain with all three forest types (Hiblh, Loblh, and 
swamp) well represented, a total of nine plots at three sites on 
the Ochlockonee River floodplain with all three forest types 
represented at each site, two Loblh plots on the Aucilla River, 
two Loblh plots on the St. Marks River, and two swamp plots 
on the Telogia Creek floodplain. 



All forest types on these five stream floodplains were 
redetermined for this analysis following the rules used in 
the current study (table 2). The size limits of canopy and 
subcanopy trees originally used on the five other streams were 
different from that used in the current study; canopy trees had 
a dbh ≥ 10 cm and subcanopy trees had a dbh < 10 cm. In this 
analysis, forest data from Apalachicola River floodplain plots 
were reorganized using these size limits to allow comparisons 
with the forest data from the other stream floodplains. 



Statistical analysis of the differences in FIs between size 
classes was conducted for all plots combined (regardless of 
forest type) on both the Suwannee and Ochlockonee River 
floodplains, but not for plots on the other stream floodplains 
because sample sizes were too small. In the summary analysis, 
the differences in FI values between size classes in all 31 plots 
on the five other streams were averaged together and then 
compared with the differences in FIs between size classes on 
all 2004 plots in the Apalachicola River floodplain. 



Analysis of Hydrologic Data



The primary goal of the hydrologic analyses was to 
quantify and summarize long-term hydrologic changes at 
floodplain forest plots so that they could be compared to changes 
in forest composition. Most of the basic hydrologic data used in 
this report came from ongoing data-collection programs of the 
USGS, USACE, and National Weather Service (NWS) that were 
conducted independent of this study. The following methods 
describe the steps required in determining the amount of hydro‑
logic change by forest type and reach. 



History of Inundation at Forest Plots



The history of inundation at floodplain forest plots 
was estimated using discharge and stage records collected 
at a long-term streamflow gaging station (gage) located 
at the upper end of the study area, Apalachicola River at 
Chattahoochee (02358000), and from stage records collected at 
five downstream gages, Apalachicola River near Blountstown 



(02358700), Apalachicola River near Wewahitchka 
(02358754), Apalachicola River at River Mile 36 (023587547), 
Apalachicola River at River Mile 35 (023587549), and 
Apalachicola River near Sumatra (02359170). The following 
short names are used in this report for these six gages: 
Chattahoochee, Blountstown, Wewahitchka, RM 36, RM 35, 
and Sumatra. Information about gage locations, operating 
agencies, and period of record at each gage is summarized in a 
previous report (Light and others, 2006) along with a detailed 
description of a nonstandard approach for relating discharge 
at the Chattahoochee gage to stage at all downstream gages. 
Nonstandard stage-discharge relations were used because 
traditional stage-discharge relations were not available for most 
of the downstream gages, and comparisons among many 
different sites along the river were greatly simplified by calcu‑
lating stage at all locations in relation to discharge at a single 
upstream site (Chattahoochee gage). 



In forest-hydrology studies, the longest possible period of 
record is preferred, because tree ages can easily be 100 years or 
older. The 76-year period of record at the Chattahoochee gage 
(October 1, 1928, to September 30, 2004) used by Light and 
others (2006) represents the period during which the gage was 
serviced by the USGS. Earlier stage data at the Chattahoochee 
gage extending back to January 1920 (collected by the NWS) 
was examined for possible use in the present study. Earlier 
stage data also existed at the Blountstown gage (collected 
by the USACE). Stage data prior to October 1, 1928, at both 
gages (Chattahoochee and Blountstown) were converted 
to Chattahoochee discharge using stage-discharge relations 
developed for the 1928-54 period in appendix I and II of Light 
and others (2006). Chattahoochee discharge estimated from the 
Chattahoochee stage were similar to Chattahoochee discharge 
estimated from the Blountstown stage for records extending 
back to July 1, 1922. Prior to that time, however, discharge 
data at these sites did not match, suggesting that stages were 
incorrect at one of the two sites. Thus, data prior to July 1, 
1922, were considered unusable, and data used in the present 
study began October 1, 1922 (to coincide with the beginning 
of the next water year). The endpoint of the period of record 
used in the present study was extended to December 31, 2004, 
so that 82 years of complete record were available for three 
types of annual analyses: water year (October 1-September 30), 
calendar year (January 1-December 31), and growing season 
(March 1-November 24).



The first step in estimating inundation history at the forest 
plots involved filling in the missing records at the five gage 
sites for October 1, 1922, to December 31, 2004. All missing 
records were estimated and a complete set of daily values was 
created for discharge at the Chattahoochee gage and stage at all 
gages except RM 36. Of the 30,043 total days in this 82-year 
period of record, Chattahoochee stage had the least missing 
record (159 days) and RM 35 stage had the most (26,346 days). 
Methods for estimating records were based on: (1) actual 
data for the closest gages where records were available, 
(2) pre‑dam and recent stage-discharge relations modified 
from appendixes I-V in Light and others (2006), and (3) the 
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general timing of stage decline in periods between pre‑dam 
and recent as depicted in figure 5 of Light and others (2006). 
The number of days of missing record, water years during 
which missing records occurred, and detailed methods used to 
estimate missing records are summarized in appendix 4. 



In the next step, a complete set of daily river stage 
values for the 82-year period of record was estimated for 
the rm location of each transect. Transect stage records were 
primarily estimated using linear interpolation between stages 
at the closest upstream and downstream gages. In some cases, 
however, transect stages could not be estimated directly from 
linear interpolation between gages, because water-surface 
profiles in figure 9 of Light and others (2006) indicated that 
water surfaces at some transects differed from those that 
would be expected with straight-line interpolation. In those 
cases, pre‑dam and recent stage-discharge relations specific 
for the transect locations (from the compact disc in the map 
pocket of Light and others, 2006) and assumptions regarding 
the degree and timing of channel changes at transect locations 
in the intervening period (between pre‑dam and recent) were 
used to estimate transect stage records. Details of the methods 
used to estimate stage records at each transect are described in 
appendix 5. 



In the last step, the inundation history at individual 
forest plots along each transect was estimated based on river 
stages in the 82-year period of record at transect locations. 
The ground elevation of each forest plot was compared to 
daily river stage and the plot was considered to be inundated 
every day that the river stage exceeded the plot elevation. 
The plot was not considered inundated when river stage 
was the same as, or less than, the plot elevation. Plot eleva‑
tions for ARQA transects (CH, TO, SE, OR, MR, PL, and 
BR) were available from USGS files (Tallahassee, Florida) 
that were used to develop figure 34 in Leitman and others 
(1984). Plot elevations for BLT and WEW were available in 
Leitman (1978). Plot elevations at EA, EB, and EC reported 
by Eichholz and others (1979) were incorrect, and were 
resurveyed in 2006 by the authors of this report. 



Water levels in most bottomland hardwood forests can 
be estimated accurately from stage records in the adjacent 
river channel. Water levels in many swamps, however, 
are not directly related to river stage levels. This issue is 
discussed at length, with examples from selected transects, in 
a later section of the report titled “Hydrologic Conditions in 
Floodplain Forests.”



Hydrologic Time Periods Associated with Forest 
Sampling Groups



River flow at the Chattahoochee gage and river stage 
at all transects and forest plots were analyzed for five time 
periods associated with tree-size classes of the 1976 and 2004 
forest sampling data. If unlimited hydrologic records had been 
available, the ideal time periods for hydrologic analysis would 
have been the same number of years as the median ages of 
trees in the various size classes (table 5). River flow and stage 
records, however, were not available prior to October 1, 1922. 
The maximum length of hydrologic record available for 1976 
canopy trees of 54 years (1923-1976) was the limiting factor in 
determining time periods for all of the forest sampling groups.



The median age of the large canopy trees (99 years, 
table 5) was selected as the most relevant age to species 
composition of canopy trees, because the large canopy trees 
contributed more than 80 percent of the total basal area of all 
canopy trees in both the 1976 and 2004 datasets. The avail‑
able hydrologic record of 54 years for the 1976 canopy trees 
was divided by the median age of large canopy trees of 99 
years. The result, 54.5 percent, was used as a proportion to be 
applied to the hydrologic records of the other four tree groups 
to allow for equitably balanced comparisons between groups. 
This proportion, 54.5 percent, was multiplied by the median 
age of small canopy trees and the median age of subcanopy 
trees to determine an appropriate length of hydrologic records 
in each case (29 years of record for small canopy; 10 years for 
subcanopy). The final time periods for hydrologic analysis are 
shown in figure 7.



Figure 7.  Hydrologic time periods associated with 1976 and 2004 tree-size classes in forests of the Apalachicola 
River at Chattahoochee, Florida.
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Because the period of record was limited to 54.5 percent 
of the median age of each tree-size class, the dryness of the 
hydrologic periods associated with these five forest groups 
is somewhat exaggerated. Recent water levels are lower 
than earlier water levels, as indicated in figure 4 and in a 
previous study (Light and others, 2006). Limitations inherent 
in the methods for selecting these five time periods should be 
kept in mind as results are presented.



Flood Duration, Depth, and Frequency by Forest 
Type and Reach



The inundation history during each year of the five 
hydrologic time periods was used to calculate the following 
hydrologic parameters for all forest plots in the 1976 and 2004 
datasets: (1) flood duration during the whole year, in days (not 
necessarily consecutive); (2) flood duration during the growing 
season (March 1-November 24), in days (not necessarily 
consecutive); (3) flood depth, in meters, of the highest annual 
flood lasting 14 consecutive days in the growing season; and 
(4) flood frequency, in percent of years with a flood lasting 14 
consecutive days in the growing season. Means were used to 
summarize flood duration and frequency values, but medians 
were preferred for summarizing flood depths, because in 
bottomland hardwood plots, flood depths were zero in many 
years. Data at each plot were combined by forest type and reach, 
yielding separate datasets covering all combinations of the 
following groups: three forest types, three reaches, five hydro‑
logic time periods, and four hydrologic parameters. Box-plot 
graphs of the median, 25th and 75th percentile, minimum, 
and maximum values for most of the datasets in the earliest 
time period (1923-1976) were created to illustrate the natural or 
“baseline” hydrologic conditions in floodplain forests. 



Statistical tests (Pearson’s r coefficients) indicated that 
flood depth, flood frequency, and both types of flood dura‑
tions were highly correlated with each other. This result was 
expected, because all hydrologic parameters were calculated 
from the same basic river stage data. A single parameter, 
flood duration in the growing season, was selected to simplify 
subsequent analyses of hydrologic change in floodplain 
forests. Flood durations have been used by the authors as a 
primary descriptor of forest hydrology in previous reports 
(Light and others, 1993; 2002).



Methods for calculating hydrologic change in this report 
were modeled after the methods for determining change in 
forest composition to allow for direct comparisons. In both 
cases, change was measured as a percentage of change toward 
the next drier forest type. Hydrologic change for a given forest 
type is based on flood durations in the growing season and is 
expressed in terms of the percentage of change of flood dura‑
tion toward the baseline (1923-1976) duration of the next drier 
forest type. It is calculated using the following formula where 
X is a given forest type and Y is the next drier forest type:



Flood durations were assumed to be zero for uplands, the next 
drier forest type for Hiblh forests. 



Changes in Hydrology and Forest 
Composition



Changes in hydrologic conditions at floodplain forest 
transects were estimated from long-term streamflow gaging 
station records and summarized for time periods associated 
with various trees-size classes. Changes in forest composition 
were calculated using several quantitative measures of compo‑
sition and some comparative field observations. The relations 
between hydrologic conditions and forest composition were 
examined and future changes that are expected to occur in the 
floodplain forest are discussed.



Hydrologic Change



Long-term river discharge and river stage were examined 
for trends that might result in change in forest composition. 
Water levels in the floodplain are similar to those in the main 
river channel during high flows greater than 1,420 m3/s 
(50,000 ft3/s), but the relation between river and flood‑
plain hydrology during low-flow periods can be complex, 
depending upon individual site conditions. Duration, depth, 
and frequency of inundation at floodplain forest plots, based 
on long-term river-stage data in the adjacent main channel, 
were summarized by forest type and reach. 



River Flow and Stage
In large river floodplains, inundation resulting from over‑



bank flooding is usually the most important factor influencing 
forest composition (Greeson and others, 1979; Gosselink 
and others, 1990; Lugo and others, 1990; Carter, 1996). Both 
river flow and stage must be considered in understanding 
patterns of floodplain inundation. Flow in the Apalachicola 
River is primarily controlled by conditions upstream from 
the Chattahoochee gage, where about 90 percent of the ACF 
drainage basin lies. River stage is a function of river flow and 
geomorphic conditions in the river channel locally. 



Long-term averages of river discharge and river stage at 
the Chattahoochee gage are compared in figure 8. Based on 
10-year running averages, river discharge shows little change, 
but river stage has been declining since the 1950s. Channel 
enlargement caused by erosion of the riverbed and banks at the 
Chattahoochee gage explains why average stage has declined 
but average discharge at the same location has not. 



(Flood duration of X in earlier period) – (Flood duration of X in later period) * 100
=



Change in flood duration toward 
duration of next drier forest type, 
in percent((Flood duration of X in baseline period) – (Flood duration of Y in baseline period)) 
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Monthly analysis of river discharge shows a seasonal 
decline that is not evident in the analyses of long-term annual 
averages. Figure 9 shows river discharge averaged by month 
during the five hydrologic time periods associated with 
tree-size classes. River discharge in spring and summer 
has decreased, particularly in April through August. This 
seasonal pattern is consistent with that of a previous analysis 
using different time periods (Light and others, 2006) when 
spring and summer flows decreased from an earlier 30-year 
period (1929-58), predating flow regulation and large 
increases in water use in the ACF basin, to a later 30-year 
period (1975-2004) that included those effects. In that study, 
decreases in spring and summer flows were greatest during 
drought conditions (defined as the lowest 10 percent of flows). 



Monthly analyses of hydrologic data are essential in 
biological studies in floodplains because life cycle requirements 
of most biota depend upon seasonal hydrologic conditions. 
The preferred time period for assessing the influence of 
hydrology on floodplain forest communities is the local 
growing season, because inundation has little effect on tree 
growth and survival during the dormant season. Spring and 
early summer, in particular, are the seasons of greatest tree 
growth (Conner and Day, 1992), and probably also the seasons 
when flooding has the largest influence on tree composition 
and recruitment in floodplain forests. 



Large declines in river stage during the growing season 
have occurred at nearly all locations in the nontidal river 
(fig. 10). The declines were caused by a combination of 



Figure 8.  Discharge and stage of the Apalachicola River at Chattahoochee, Florida.



A.  Discharge of Apalachicola River at Chattahoochee, Florida



B.  Stage of Apalachicola River at Chattahoochee, Florida
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channel enlargement locally and decreased spring and summer 
flows delivered from upstream. The largest declines have 
occurred at locations with the greatest channel enlargement 
(CH just downstream from the dam and EC in the reach where 
the most channel straightening occurred). Decreased flows in 
the spring and summer, as shown in figure 9, have added to 
water-level decline at all locations. When drought conditions 
prevail, decreased flows are the primary cause of water-level 
declines at many locations along the river during April, May, 
July, and August (fig. 4). 



Hydrologic Conditions in Floodplain Forests
During the flood season, water levels in the floodplain 



are similar to river levels in the adjacent main channel. During 
the low-water season, the relation between river stage and 
floodplain hydrology is affected by individual site character‑
istics, such as elevation and topographic position within the 
landscape, amount of water delivered from adjacent uplands 
through small streams or bluff seepage, efficiency of sloughs 
or other drainage features in removing water from the site, and 
the effect of beaver dams in floodplain sloughs downstream 
from the site. These local site characteristics can substantially 
affect the hydrology of swamps that are disconnected from the 
river by intervening levees and ridges. Hydrologic conditions 
in bottomland hardwood forests, however, are less affected by 
local site characteristics, because water connections between 
the river and the floodplain are generally unimpeded when 
water levels reach these higher-elevation forests.



Two examples shown in figure 11 illustrate the variability 
of the relation between river stage and water levels in swamps 
of the Apalachicola River floodplain during typical low-flow 
conditions in the summer. At the PL transect (graph A of 



fig. 11), sloughs that drain the swamp forests are directly 
connected to the river about 0.8 km downstream, allowing 
water from the river to enter and exit swamps unimpeded 
by intervening levees or ridges. Consequently, swamp water 
levels at PL are at the same elevation as river levels in the 
adjacent main channel. A decline of 0.9 m in typical summer 
water levels in both the river and the swamp has resulted in 
severe summer dewatering of swamp forests at this site. Based 
on transect distances shown in graph A of figure 11, more than 
90 percent of the land surface covered by standing water in the 
earlier period was exposed with no surface water present in 
the later period. 



Water levels in the SE swamp in graph B of figure 11 
were elevated 2.6 m above river levels during typical summer 
conditions in the later period (1995-2004). This perched basin 
receives year-round seepage water from an adjacent upland 
bluff, and the swamp stays wet because the basin has a flat, 
shallow-bowl shape and has only a few small outlet sloughs 
that are often impounded by beaver dams. In spite of the fact 
that continuous seepage from the upland bluffs and beaver 
dams have protected this basin from completely drying out, 
progressive lowering of river levels appears to have dewatered 
large areas of this swamp. Bed scour in the Apalachicola 
River has progressed into the mouth of a slough draining this 
swamp basin at its downstream end, lowering the elevation 
of the threshold where water is retained throughout the entire 
swamp. (Similar conditions at the mouths of sloughs draining 
other upper-reach swamps were observed by the authors in 
the 1990s.) Based on transect distances shown in graph B of 
figure 11, more than 75 percent of the land surface covered 
by standing water in the earlier period was exposed with no 
surface water present in the later period.
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Figure 9.  Average monthly river discharge during five hydrologic time periods associated with 1976 and 2004 tree-size 
classes in forests of the Apalachicola River floodplain, Florida.
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Figure 10.  Average monthly river stage at selected transects during time periods associated with 1976 and 2004 tree-size 
classes in forests of the Apalachicola River floodplain, Florida. Data were averaged from 1923-2004 daily stage records 
which were estimated at each transect from long-term gage data as described in methods.
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Floodplain and river water levels at this site are the same,
because sloughs draining these swamps are directly
connected to the river about 0.8 kilometer downstream



LAND SURFACE
TYPICAL SUMMER WATER LEVEL IN EARLIER PERIOD (1923-1976)
TYPICAL SUMMER WATER LEVEL IN LATER PERIOD (1995-2004)
MAIN CHANNEL
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Figure 11.  Decline in summer water levels in two different types of swamps and in the adjacent main channel at selected 
transects of the Apalachicola River floodplain, Florida.  Summer water levels in the main channel are the average July 
river stage for the earlier period (1923-76) and the later period (1995-2004), estimated from long-term records at nearby 
gaging stations. Summer water levels in the swamps were estimated for the earlier period based on 1979-80 field 
observations and for the later period based on 2004-2006 field observations.
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Another variation in river-floodplain relations, not shown 
in figure 11, occurs at the BR transect at the downstream 
end of the nontidal reach (rm 19.8). The west end of this 
transect intersects Brothers River (fig. 2), a large tidal stream 
with summer water levels typically about 1 m lower than 
Apalachicola River levels. Forest sampling data from the 
east end of this transect are used in this report because that 
part of the transect is nontidal. Swamps on the nontidal part 
of the transect, however, drain westward to a creek that is 
connected to Brothers River, so summer water levels in these 
swamps are usually 0.3-0.6 m lower than Apalachicola River 
levels. Because of these unique site conditions at BR (not 
found on any other nontidal transect), water-level data in the 
Apalachicola River considerably overestimate inundation 
in the adjacent swamp. Conditions at BR are the opposite 
of those at SE (fig. 10B), where water-level data in the river 
considerably underestimate inundation in the adjacent swamp. 



Comparisons of water levels in swamps with those in the 
adjacent main channel at other locations in the Apalachicola 
River floodplain (Leitman, 1978; Leitman and others, 1984) 
confirm that hydrologic relations between swamps and the 
river can differ considerably from site to site. Various water-
level observations made in swamps over the years have been 
helpful in understanding the connections between the river and 
floodplain, but because most of those observations have been 
infrequent and discontinuous, they are not sufficient for esti‑
mating long-term water levels in swamps during the five time 
periods associated with tree-size classes (fig. 7). Consequently, 
floodplain conditions are estimated in this report based only 
on river-stage data, without any modifications to account 
for site-to-site variability in swamp characteristics. These 
estimates are highly accurate in Hiblh forests and most Loblh 
forests, somewhat less accurate in Loblh forests near swamp 
depressions that retain water, and least accurate in swamps 
that lack a direct connection to the river. The limitations of 
these estimates are discussed later in this report, and should be 
carefully considered by readers if they use these data for any 
other purposes. When measuring change from earlier to later 
periods, however, the example in figure 11B demonstrates that 
estimates based on river stage can be useful indicators of the 
water-level decline that has occurred in swamps, in spite of 
complicating site-specific variables, such as outside sources of 
water or differences in drainage outlets.



Flood duration, depth, and frequency, based on long-
term river-stage data (1923-76), were calculated for floodplain 
forest plots and summarized by forest type and reach (fig. 12). 
Flood duration was calculated for the whole year and the 
growing season, whereas depth and frequency were calculated 
based only on the growing season data. Hydrologic conditions, 
based on the 1923-76 period in figure 12, represent natural 
“baseline” hydrologic conditions for 1976 floodplain forests. 
Although the 1923-76 period includes 23 years of post-1954 
channel erosion caused by dam construction and navigational 
improvements, higher than normal discharges during many 
years in the 1960s and 1970s (fig. 8A) masked some of the 
effects of channel change during those two decades (fig. 8B). 



Within a given reach, flood duration, depth, and 
frequency are always the least in Hiblh forests and the greatest 
in swamps. For a given forest type, hydrologic conditions 
are usually driest in the upper reach and wettest in the lower 
reach, with the exception of flood depth. Depth of flooding 
usually decreases in the lower reaches of coastal plain rivers 
because floodwaters spread out onto wide, flat floodplains as 
rivers approach sea level near the coast. 



Forest Composition Change



Basal area and density of species based on 1976 and 
2004 data from all plots were used to compare the species 
composition of 1976 and 2004 forest types and the total basal 
area and number of trees in the nontidal floodplain. Basal 
area and density for forest types and species grouped by FSCs 
were calculated using data from the replicate plots. Data on 
individual trees that were unique to the thesis plots were used 
to describe growth rates, size, recruitment, and mortality of 
floodplain trees. Changes in composition to drier or wetter 
forests were quantified with FIs of replicate plots and 1976 
and 2004 tree-size classes, and compared to forests on five 
other north Florida stream floodplains.



Species Composition of Forest Types



The species composition of forest types as basal area and 
density of species is presented in tables 7 and 8, respectively, 
and as rba and rd in appendixes 6 and 7, respectively. Basal 
area and density values were calculated from all the 1976 and 
2004 plot data (276 plots) and weighted to compensate for 
reach differences. “Dominant species” (shown in bold) are 
those species with the highest values of basal area or density 
that make up 50 percent or more of the total basal area or 
density. A comparison of dominant species for 1976 to 2004 
forest types is presented in table 9. 



Species composition derived independently for the two 
1976 sampling-method sets (ARQA cruise-transect data and 
combined thesis and ARQA intensive-plot data) are shown in 
tables 7 and 8 and appendixes 6 and 7 to allow a comparison 
of results obtained using two different sampling methods: 
prisms (on cruise transects) and intensive-plot sampling (on 
thesis and ARQA intensive plots). Basal area and density of 
species on the cruise transects were significantly correlated to 
values calculated for the combined thesis and ARQA intensive 
plots (Pearson’s r > 0.56, p < 0.001 for basal area; Pearson’s 
r > 0.57, p < 0.002 for density) despite the difference 
in methods used to obtain data. Total basal areas and densities 
of forest types were not consistently higher or lower for either 
1976 sampling-method set.



Sweetgum and hackberry were dominant species by basal 
area in 1976 and 2004 Hiblh forests (table 9). In 2004, water 
oak was also a dominant species in Hiblh forests. Dominant 
species by basal area in Loblh forests were the same four 
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species in 2004 as in 1976 (water hickory, overcup oak, 
swamp laurel oak, and green ash), and in swamps, the same 
two species, water tupelo and bald cypress. 



Species dominance by density changed more than 
dominance by basal area between 1976 and 2004 (table 9). 
Sweetgum and ironwood remained dominant canopy trees 
in 2004 Hiblh forests, but possum haw declined in canopy 
density in Hiblh forests and was not a dominant Hiblh tree 
in 2004. Water oak and hackberry were new dominants in 



2004 Hiblh forests. Possum haw increased in density in 2004 
Loblh forests and was a new dominant in 2004 Loblh forests 
along with two additional FSC3 species, hackberry and 
sweetgum. Overcup oak, green ash, and river birch (all FSC2 
species) that were dominant in 1976 Loblh forests, declined in 
density and were no longer dominant in 2004 Loblh forests. 
Dominant species by density in 1976 swamps did not change 
although the average density of the dominant species declined 
(table 8C).
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Figure 12.  Duration, depth, and frequency of flooding summarized by forest type and reach in the Apalachicola River floodplain, 
Florida, for 1923-1976. All values were calculated directly from stage in the adjacent river channel without any adjustments for 
water retention in depressions or other factors affecting the relation between river stage and floodplain water levels.
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Table 7.  Basal area of tree species in forests of the Apalachicola River floodplain, Florida.



[Basal area, in square meters per hectare (m2/ha), was weighted by the percent of area of each forest type in each reach. The sum of the 
basal area of the most dominant species (in bold) is greater than 50 percent of the total basal area. Species are sorted by dominance in 
combined 1976 data. Scientific names of species are listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, 
not applicable]



Species
Floodplain  



species  
category



Basal area, m2/ha



1976 data



2004 data ARQA cruise-
transect data 



Thesis and ARQA 
intensive-plot data



Combined 1976 data



A. High bottomland hardwoods
sweetgum 3 7.69 14.13 9.32 9.13



hackberry 3 4.62 2.76 4.22 3.57



ironwood 3 2.79 0.45 2.26 1.23



water oak 3 2.76 0.23 2.17 3.18



green ash 2 1.30 3.46 1.96 1.27



swamp laurel oak 2 0.99 0.97 1.02 0.96



American elm 2 1.00 0.47 0.97 1.96



possum haw 3 0.77 0.48 0.82 0.17



swamp chestnut oak 3 0.77   0.72 0.31



water hickory 2 0.52 1.92 0.71 1.40



sycamore 3 0.69 1.24 0.66 0.64



box elder 3 0.48 0.49 0.53 0.72



swamp privet 2 0.32 0.05 0.33  



overcup oak 2 0.24 0.40 0.30 0.38



red maple 2 0.19 0.37 0.22 0.21



red mulberry 3 0.23 0.07 0.13 0.08



Chinaberry 4 0.13 0.30 0.13 0.19



winged elm 4 0.17 0.06 0.10 0.58



pagoda oak 3 0.16   0.08  



green haw 2 0.09 0.07 0.06 0.01



swamp tupelo 1 0.09   0.05 0.48



spruce pine 3 0.09   0.05  



bald cypress 1 0.08   0.04  



black tupelo 4 0.08   0.04  



slippery elm 4 0.08   0.04 0.10



buckthorn bumelia 3 0.05   0.02 0.04



loblolly pine 4 0.05   0.02  



persimmon 3   0.07 0.02 0.24



river birch 2   0.06 0.01 0.24



black walnut 4   0.03 0.01  



American holly 3       0.69



bitternut hickory 3       0.47



Southern magnolia 4       0.08



silverbell 4       0.08



planer tree 1       0.03



Ogeechee tupelo 1       0.02



Chinese tallow tree 3       0.01



cherry laurel 4       0.01



popash 1       0.005



Average total basal area, in m2/ha 26.4 28.1 27.0 28.5
Number of trees sampled 352 283 635 671
Total area sampled, in ha na 0.49 na 1.22



Number of species 27 21 30 30
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Species
Floodplain  



species  
category



Basal area, m2/ha



1976 data



2004 data ARQA cruise-
transect data 



Thesis and ARQA 
intensive-plot data



Combined 1976 data



B. Low bottomland hardwoods
water hickory 2 2.99 7.53 5.26 5.73



overcup oak 2 5.77 2.46 4.11 3.43



swamp laurel oak 2 1.95 4.53 3.24 3.39



green ash 2 3.03 3.25 3.14 2.79



American elm 2 3.31 0.94 2.12 2.15



river birch 2 2.84 0.98 1.91 1.37



Ogeechee tupelo 1 2.46 0.91 1.68 1.69



sweetgum 3 1.89 0.92 1.41 2.06



hackberry 3 0.98 1.14 1.06 1.37



water tupelo 1 1.30 0.34 0.82 1.35



ironwood 3 0.76 0.74 0.75 0.51



red maple 2 0.77 0.34 0.55 0.81



bald cypress 1 0.27 0.62 0.44 0.89



water oak 3 0.33 0.43 0.38 0.10



black willow 1   0.65 0.33  



popash 1 0.41 0.24 0.32 0.20



planer tree 1 0.15 0.50 0.32 0.31



water locust 2 0.09 0.30 0.20 0.57



possum haw 3 0.05 0.26 0.15 0.26



sycamore 3 0.15 0.11 0.13 0.27



green haw 2 0.14 0.08 0.11 0.04



box elder 3 0.14 0.02 0.08 0.17



laurel oak 4 0.03 0.13 0.08  



swamp cottonwood 1 0.15   0.08 0.23



swamp chestnut oak 3 0.09   0.05  



swamp privet 2 0.06 0.02 0.04 0.02



persimmon 3 0.05 0.01 0.03 0.08



swamp tupelo 1 0.05   0.02  



black tupelo 4 0.03   0.01  



buttonbush 1   0.0003 0.0002 0.08



sweetbay 3       0.04



red mulberry 3       0.02



stiffcornel dogwood 2       0.01



Average total basal area, in m2/ha 30.2 27.4 28.8 30.0
Number of trees sampled 409 602 1,011 1,240
Total area sampled, in ha na 1.31 na 2.55



Number of species 28 26 30 28



Table 7.  (Continued)  Basal area of tree species in forests of the Apalachicola River floodplain, Florida.



[Basal area, in square meters per hectare (m2/ha), was weighted by the percent of area of each forest type in each reach. The sum of the 
basal area of the most dominant species (in bold) is greater than 50 percent of the total basal area. Species are sorted by dominance in 
combined 1976 data. Scientific names of species are listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; 
na, not applicable]
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Species
Floodplain  



species  
category



Basal area, m2/ha



1976 data



2004 data ARQA cruise-
transect data 



Thesis and ARQA 
intensive-plot data



Combined 1976 data



C. Swamp
water tupelo 1 25.32 34.24 29.78 25.42



bald cypress 1 12.05 9.38 10.71 9.92



Ogeechee tupelo 1 8.09 11.14 9.61 8.46



popash 1 5.17 4.79 4.98 2.18



planer tree 1 1.64 1.83 1.73 1.25



swamp tupelo 1 0.69 1.16 0.92 0.50



overcup oak 2 0.54 0.64 0.59 1.45



swamp cottonwood 1 0.12 0.61 0.37 0.31



American elm 2 0.27 0.16 0.22 0.14



red maple 2 0.09 0.28 0.19 0.59



water hickory 2 0.22 0.12 0.17 0.54



green ash 2   0.24 0.12 0.44



river birch 2 0.01 0.19 0.10 0.33



swamp laurel oak 2 0.20   0.10 0.59



sycamore 3 0.02 0.11 0.07 0.02



black willow 1 0.12   0.06  



hackberry 3 0.02 0.05 0.04 0.07



water locust 2 0.02 0.04 0.03 0.31



swamp privet 2 0.02 0.03 0.03 0.004



buttonbush 1 0.02 0.003 0.01 0.01



slippery elm 4 0.02   0.01  



green haw 2   0.01 0.005 0.004



white titi 3   0.004 0.002  



winged elm 4   0.002 0.001  



sweetgum 3       0.05



possum haw 3       0.02



persimmon 3       0.01



ironwood 3       0.004



hazel alder 2       0.002



box elder 3       0.001



Average total basal area, in m2/ha 54.7 65.0 59.8 52.6
Number of trees sampled 640 544 1,184 1,582
Total area sampled, in ha na 0.72 na 2.45



Number of species 20 21 24 26



Table 7.  (Continued)  Basal area of tree species in forests of the Apalachicola River floodplain, Florida.



[Basal area, in square meters per hectare (m2/ha), was weighted by the percent of area of each forest type in each reach. The sum of the 
basal area of the most dominant species (in bold) is greater than 50 percent of the total basal area. Species are sorted by dominance in 
combined 1976 data. Scientific names of species are listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; 
na, not applicable]
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Table 8.  Density of tree species in forests of the Apalachicola River floodplain, Florida.



[Density, in trees per hectare (trees/ha), was weighted by the percent of area of each forest type in each reach. The sum of the trees/ha of the most dominant 
species (in bold) is greater than 50 percent of the total trees/ha. Species are sorted by dominance in combined 1976 data. Scientific names of species are 
listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, not applicable]



Species
Floodplain  



species  
category



Density, in trees/ha



Canopy trees Subcanopy trees



1976 data
2004 data 2004 data ARQA cruise-



transect data 
Thesis and ARQA 



intensive-plot data
Combined  
1976 data



A. High bottomland hardwoods
ironwood 3 176.15 33.07 157.28 68.80 34.39



sweetgum 3 120.35 198.50 141.80 111.90 22.90



possum haw 3 104.71 51.09 109.35 24.24 137.27



hackberry 3 77.51 41.24 73.82 73.78 89.61



swamp privet 2 40.96 4.94 42.01    



box elder 3 23.20 29.14 27.28 47.67 23.36



swamp laurel oak 2 22.34 18.75 24.52 11.12 6.72



water oak 3 26.09 15.06 23.67 50.16 28.87



green ash 2 9.17 43.46 18.00 11.41 4.91



overcup oak 2 15.73 5.92 16.76 4.41 9.93



American elm 2 8.67 7.39 9.24 18.29 3.46



Chinaberry 4 5.74 29.64 9.14 8.77 3.15



water hickory 2 6.66 20.74 8.87 12.12 5.12



sycamore 3 11.66 12.10 8.86 9.23  



red maple 2 9.34 4.94 8.43 4.59 4.35



green haw 2 5.20 11.36 5.00 1.77 4.91



swamp chestnut oak 3 5.12   4.69 5.14 4.91



red mulberry 3 4.47 1.48 2.55 3.69 1.45



winged elm 4 2.80 5.18 2.50 18.66 12.56



slippery elm 4 4.43   2.22 3.19 0.57



persimmon 3   5.68 1.20 6.74 11.84



swamp tupelo 1 2.12   1.06 6.59  



black walnut 4   4.94 1.04    



buckthorn bumelia 3 2.1   1.03 2.39 2.84



bald cypress 1 1.4   0.68    



black tupelo 4 0.5   0.25    



spruce pine 3 0.5   0.24    



pagoda oak 3 0.4   0.22    



river birch 2   0.74 0.16 3.64  



loblolly pine 4 0.2   0.10    



American holly 3       38.44 40.07



silverbell 4       9.41 5.12



bitternut hickory 3       2.39 7.96



Southern magnolia 4       1.45  



popash 1       0.80  



planer tree 1       0.80  



Chinese tallow tree 3       0.80  



cherry laurel 4       0.80 1.14



Ogeechee tupelo 1       0.73  



elderberry 3         0.60



Average total density, in trees/ha 687 545 702 564 467
Number of trees sampled 352 283 635 671 620
Total area sampled, in ha na 0.49 na 1.22 1.22
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Species
Floodplain  



species  
category



Density, in trees/ha



Canopy trees Subcanopy trees



1976 data



2004 data 2004 data ARQA cruise-
transect data 



Thesis and ARQA 
intensive-plot data



Combined  
1976 data



B. Low bottomland hardwoods
swamp laurel oak 2 20.25 74.57 47.41 35.65 13.29



overcup oak 2 56.42 32.30 44.36 28.21 26.99



water hickory 2 28.96 56.57 42.77 73.87 19.46



ironwood 3 40.23 44.05 42.14 35.21 15.31



green ash 2 50.82 31.30 41.06 28.90 9.05



river birch 2 68.07 9.98 39.03 23.81 0.43



American elm 2 42.41 34.34 38.38 29.67 6.83



red maple 2 39.38 19.22 29.30 42.16 37.68



sweetgum 3 28.92 19.97 24.44 35.63 10.74



planer tree 1 6.18 36.95 21.57 18.71 16.44



possum haw 3 9.00 31.59 20.29 39.23 179.41



hackberry 3 14.04 16.63 15.33 38.45 32.47



bald cypress 1 1.88 24.80 13.34 12.05 2.64



Ogeechee tupelo 1 8.01 18.23 13.12 18.20 4.24



popash 1 6.41 7.43 6.92 8.24 4.87



water tupelo 1 8.30 4.52 6.41 13.08 0.96



green haw 2 5.25 6.88 6.07 3.91 7.70



swamp privet 2 7.87 2.81 5.34 3.25 9.29



sycamore 3 1.70 7.05 4.37 3.85  



black willow 1   8.12 4.06    



box elder 3 7.32 0.53 3.92 9.03 18.33



water locust 2 1.28 6.33 3.81 6.70 1.16



water oak 3 2.73 1.21 1.97 2.58 1.29



swamp cottonwood 1 1.71   0.86 1.79  



laurel oak 4 0.09 1.21 0.65    



persimmon 3 0.68 0.26 0.47 4.49 1.84



black tupelo 4 0.32   0.16    



swamp tupelo 1 0.22   0.11    



swamp chestnut oak 3 0.21   0.11    



buttonbush 1   0.08 0.04 7.44 2.28



stiffcornel dogwood 2       1.73 5.36



red mulberry 3       1.33  



sweetbay 3       0.43  



American holly 3         0.73



Average total density, in trees/ha 459 497 478 528 420
Number of trees sampled 409 602 1,011 1,319 1,240
Total area sampled, in ha na 1.31 na 2.55 2.55



Table 8.  (Continued)  Density of tree species in forests of the Apalachicola River floodplain, Florida.



[Density, in trees per hectare (trees/ha), was weighted by the percent of area of each forest type in each reach. The sum of the trees/ha of the most dominant 
species (in bold) is greater than 50 percent of the total trees/ha. Species are sorted by dominance in combined 1976 data. Scientific names of species are 
listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, not applicable]
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Species
Floodplain  



species  
category



Density, in trees/ha



Canopy trees Subcanopy trees



1976 data



2004 data 2004 data ARQA cruise-
transect data 



Thesis and ARQA 
intensive-plot data



Combined  
1976 data



C. Swamp
popash 1 317.03 338.25 327.64 112.31 46.81



water tupelo 1 308.43 292.39 300.41 224.67 11.17



Ogeechee tupelo 1 166.87 103.68 135.27 73.24 5.94



bald cypress 1 138.87 115.48 127.17 109.53 50.01



planer tree 1 110.15 98.49 104.32 54.18 55.69



swamp tupelo 1 6.09 13.41 9.75 6.02  



red maple 2 3.35 10.44 6.90 20.71 19.65



river birch 2 4.48 7.90 6.19 13.73 5.65



swamp cottonwood 1 4.92 6.92 5.92 3.47 0.38



overcup oak 2 3.81 5.67 4.74 17.54 12.50



American elm 2 5.12 3.18 4.15 3.09 4.82



water hickory 2 1.42 4.59 3.00 4.59 7.63



sycamore 3 0.35 5.57 2.96 0.23  



swamp privet 2 2.43 2.19 2.31 0.50 1.08



water locust 2 3.73 0.84 2.29 4.61 1.65



green ash 2   2.07 1.03 6.24 1.50



buttonbush 1 1.54 0.34 0.94 1.08 11.79



hackberry 3 0.39 1.38 0.88 0.69 1.55



black willow 1 1.60   0.80    



green haw 2   1.38 0.69 0.22 0.83



white titi 3   0.84 0.42   0.83



winged elm 4   0.50 0.25   0.19



slippery elm 4 0.48   0.24    



swamp laurel oak 2 0.44   0.22 6.95 3.25



sweetgum 3       2.26 0.40



possum haw 3       2.21 5.45



persimmon 3       1.08 1.08



hazel alder 2       0.46 13.34



ironwood 3       0.46 0.63



box elder 3       0.06 1.84



American snowbell 2         15.35



stiffcornel dogwood 2         4.30



winterberry 2         0.42



sarvis holly 1         0.21



Average total density, in trees/ha 1,082 1,016 1,049 670 286
Number of trees sampled 640 544 1,184 1,582 620
Total area sampled, in ha na 0.72 na 2.45 2.45



Table 8.  (Continued)  Density of tree species in forests of the Apalachicola River floodplain, Florida.



[Density, in trees per hectare (trees/ha), was weighted by the percent of area of each forest type in each reach. The sum of the trees/ha of the most dominant 
species (in bold) is greater than 50 percent of the total trees/ha. Species are sorted by dominance in combined 1976 data. Scientific names of species are 
listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, not applicable]
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Table 9.  Dominant tree species in 1976 and 2004 forests of the Apalachicola River 
floodplain, Florida.



[The sum of the basal area or density of the dominant species is greater than 50 percent of 
basal area or density in the data set. Species are listed in in each catetory by descending 
dominance. Scientific names of species are listed in appendix 1. Hiblh, high bottomland 
hardwoods; Loblh, low bottomland hardwoods]



Forest 
type



Type of dominance



Basal area Density



1976 data 2004 data 1976 data 2004 data



Hiblh sweetgum 
hackberry



sweetgum 
hackberry 
water oak



ironwood 
sweetgum 



possum haw



sweetgum 
hackberry 
ironwood 
water oak



Loblh



water hickory 
overcup oak 



swamp laurel oak 
green ash



water hickory 
overcup oak 



swamp laurel oak 
green ash



swamp laurel oak 
overcup oak 



water hickory 
ironwood 
green ash 
river birch



water hickory 
red maple 



possum haw 
hackberry 



swamp laurel oak 
sweetgum 
ironwood



Swamp water tupelo 
bald cypress



water tupelo 
bald cypress



popash 
water tupelo



water tupelo 
popash



Trees Species Abundance throughout the 
Nontidal Floodplain



Estimates of total basal area and number of trees 
throughout the entire nontidal floodplain forest are listed 
in table 10 for 15 tree species individually and for all other 
species combined. The 15 species include all 14 dominants 
from table 9 plus Ogeechee tupelo. Ogeechee tupelo had the 
third highest weighted basal area of any species in any forest 
type (table 7), but was not a “dominant” species in swamps, 
because water tupelo and bald cypress had higher basal 
areas that made up more than 50 percent of total basal area 
in swamps. Ogeechee tupelo is the source of a unique honey 
and the high concentration of Ogeechee tupelo in the lower 
Apalachicola River floodplain makes production of this honey 
economically feasible (Oertel, 1934; Rahmlow, 1960). Water 
tupelo was the most important tree in the 1976 and 2004 flood‑
plain in terms of both basal area and number of trees (table 10). 
Species in table 10 are arranged in descending order by the 
average FI of all the plots where they were sampled in 1976, 
based on data presented in appendix 8 for 30 species. 



The total number of trees throughout the entire nontidal 
floodplain forest has decreased significantly by 4.3 million 
trees (1976, mean (x) = 1,550,000 trees, standard deviation 
(sd) = 1,056,000; 2004, x = 1,251,000 trees, sd = 870,000; 
p < 0.030) (table 10). The greater part of this loss was in FSC1 
species (popash, Ogeechee tupelo, bald cypress, and water 
tupelo) which lost nearly 3.3 million trees. Unlike bottomland 
hardwood species that can grow in some swamp habitats 
downslope that have become drier, swamp species do not 
usually grow in ponds, stream bottoms, and riverbeds (which 
are the primary habitats downslope from swamps) because 
those habitats are still typically inundated year round and 



do not support trees of any type. All FSC1 species listed in 
table 10 decreased in basal area although change in basal area 
was not significant for all species.



Changes in basal area and number of trees for individual 
species were also statistically analyzed using unweighted basal 
areas and densities from the replicate plots. The decrease in basal 
area of popash was highly significant (1976, x = 3.3 m2/ha, 
sd = 7.2; 2004, x = 0.9 m2/ha, sd = 1.9; p < 0.002). Although 
there was a significant difference (p < 0.078) between the 1976 
and 2004 basal area of bald cypress, the 2004 average basal area 
of 6.8 m2/ha was slightly greater than the 1976 basal area of 
5.3 m2/ha on replicate plots, a result that contradicts the results 
from the weighted values shown on table 10 that shows a 1.3 
percent loss in the basal area of bald cypress in 2004.



Changes in tree density, based on statistical analysis of 
unweighted data, were significant for one Hiblh and three swamp 
species. Water oak had a significant increase in density (1976, 
x = 5.2 trees/ha, sd = 17.1; 2004, x = 8.5 trees/ha, sd = 29.3; p 
< 0.087). Although the computed loss of ironwood trees was 
very large, the decrease in density of ironwood was not statisti‑
cally significant when replicate plot data were used (p = 0.150). 
Declines in tree density were significant for the swamp species: 
popash (1976, x = 120 trees/ha, sd = 308; 2004, x = 39 trees/ha, 
sd = 79; p = 0.013), Ogeechee tupelo (1976, x = 78 trees/ha, sc = 
259; 2004, x = 32 trees/ha, sd = 59; p = 0.054), and water tupelo 
(1976, x = 196 trees/ha, sd = 435; 2004, x = 140 trees/ha, sd = 259; 
p = 0.041). This represents a decline in density of 63 percent for 
popash, 59 percent for Ogeechee tupelo, and 29 percent for water 
tupelo.  The same three species had smaller percentage declines 
in numbers of trees in table 10 (38 percent fewer trees for popash, 
44 percent for Ogeechee tupelo, and 19 percent for water tupelo). 
The results in table 10 are probably better estimates of percentage 
decline than the density calculations made from unweighted 
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data, because the table 10 results were based on a larger number 
of sampling plots. Table 10 results, however, could not be tested 
statistically because of weighting calculations needed to estimate 
numbers of trees floodplain-wide. It can reasonably be assumed 
that declines in number of trees for these three swamp species are 
at least 38 percent for popash, 44 percent for Ogeechee tupelo, and 
19 percent for water tupelo.  



Distribution of Species



Changes in the distribution of all species were examined 
by comparing 1976-1984 data (including data from Gholson, 
1985) to the 2004 data. The plant species lists created by 
Gholson in 1984 are the most complete listing of species 
throughout the floodplain. Only species listed by Gholson 
as occurring in the overstory and understory or as trees and 
shrubs were compared to 2004 canopy and subcanopy trees.



All 14 dominant species are found throughout the nontidal 
floodplain from rm 104.8 (the upstream limit of sampling) to 
rm 19.8 (the downstream limit of the nontidal area). Ogeechee 
tupelo was not observed on the Apalachicola River floodplain 
upstream of rm 85.8 in any of the studies. The distribution of 
these 15 species has not changed since 1976. 



Three tree species, with sample sizes of 10 or more 
in the 2004 data, were not sampled in the 1976 datasets. 
The most important of these species is American holly. Out 
of 3,572 canopy trees sampled in the 2004 data, 32 trees were 
American holly. An additional 40 American holly trees were 
found in the 2004 subcanopy. In the 1976 data, no American 
holly trees were sampled in a total of 2,971 canopy trees. 
In 1984, however, Gholson (1985) recorded American holly 
in the upper and lower reaches, and the 2004 data showed that 
it was found in all reaches of the nontidal floodplain. On the 
Ochlockonee River floodplain, American holly grew on the 
high terraces at higher median elevations than water oak or 
sweetgum (Light and others, 1993).



Silverbell is a small canopy tree that was sampled in the 
upper and middle reaches in Hiblh forests in 2004 (11 canopy 
trees, 9 subcanopy trees), but was not sampled in 1976. 
The range of this tree in 1984 in the Gholson study was similar 
to its range in 2004.



Fifteen American snowbells were found in the 2004 
subcanopy on the WEW transect in the middle reach and on 
plots in the lower reach, but the species was not recorded in 
the 1976 canopy or subcanopy and was seen by Gholson only 
in tidal floodplains downstream of rm 19. American snowbell 
was a subcanopy species found only in the upper tidal reach 
of the Suwannee River (Light and others, 2002). The change 



Table 10.  Total basal area and number of trees of important species in forests in the nontidal Apalachicola River floodplain, Florida.



[Total basal area and number of trees were weighted by the percent of area of each forest type in each reach before combining values from forest types. 
Losses in dominance values are shown in gray. Significant differences between 1976 canopy and 2004 canopy were determined using t-test. Probabilities (p) 
shown with ** are less than 0.05. Average Floodplain Indices (FI) of plots where sampled are from appendix 8. FSC, Floodplain Species Category]



Species a



Average FI  
of 1976  
plots  



where 
sampled



FSC



Basal area, in thousands of square meters Number of trees, in thousands



1976 2004 Difference
Difference,  
in percent



1976 2004 Difference
Difference,  
in percent



water oak 2.730 3 24.7 29.5 4.8 19.4      235      378 143 60.8



sweetgum 2.614 3 102.7 111.1 8.5 8.3   1,487    1,330 -157 -10.5



hackberry 2.547 3 53.1 52.5 -0.6 -1.2      949   1,159 210 22.2



ironwood 2.528 3 31.0 18.5 -12.5 -40.5   2,600  1,000 -1,601 -61.6



possum haw 2.505 3 9.5 5.5 -3.9 -41.6      553  580 27 4.9



green ash 2.281 2 65.0 56.8 -8.2 -12.6       550  501 -48 -8.8



swamp laurel oak 2.249 2 58.1 64.6 6.5 11.1   1,273 1,839 566 44.4



water hickory 2.154 2 86.2 102.6 16.5 19.1   1,054  985 -69 -6.6



red maple 2.061 2 11.9 19.5 7.6 63.9   1,312 849 -463 -35.3



overcup oak 1.980 2 69.4 68.1 -1.3 -1.9      695 357 -339 -48.7



river birch 1.848 2 29.4 25.7 -3.8 -12.8      577  453 -124 -21.5



popash 1.254 1 52.2 23.8 -28.4 -54.5   3,266 2,027 -1,240 -38.0



Ogeechee tupelo 1.226 1 116.4 105.7 -10.7 -9.2   2,335 1,319 -1,015 -43.5



bald cypress 1.190 1 108.8 107.5 -1.3 -1.2    1,421 1,064 -357 -25.1



water tupelo 1.138 1 295.1 261.6 -33.5 -11.4 3,517 2,836 -680 -19.3



All others 120.9 121.0 0.1 0.1  2,976 3,335 359 12.1



Total for all species 1,294.6 1,293.7 -0.9 -0.1  24,800 20,510 -4,290 ** -17.3 **



a See appendix 1 for scientific names.
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in distribution of American snowbell may be an indicator of 
decreased flood durations occurring in the lower part of the 
nontidal floodplain.



Two exotic species that commonly grow on disturbed 
sites in upland or wetland forests may have increased their 
range in the Apalachicola River floodplain. Chinaberry was 
sampled only in the upper reach in the 1976 data and the 
Gholson study, but was in both the upper and middle reaches 
in the 2004 data. Although only one canopy specimen of 
Chinese tallow tree was recorded on 2004 plots, this exotic 
species was observed growing in the upper and middle reaches 
at many sites. No Chinese tallow trees were recorded in the 
1976 data or by Gholson. 



Basal Area and Density of Trees by Forest Type 
and Floodplain Species Category



Basal area and density of 1976 and 2004 forest types 
and species grouped by FSCs were calculated from replicate 
plot data (71 pairs, 142 plots) so that t-tests could be used to 



determine significance of differences. The total basal area 
and density of forest types shown in figure 13 are weighted 
by the percentage of area of the forest type in each reach, but 
statistical results shown in the figure were calculated using 
unweighted replicate plot data. Means of the weighted data 
are slightly different from means of the unweighted data.



Basal area did not change significantly from 1976 to 
2004 (fig. 13). The relative stability of average basal area by 
forest type should not be construed as the overall condition of 
bottomland hardwood forests in the 2004 floodplain because 
there was a sampling bias toward undisturbed sites. Many 
of the 1976 Hiblh and Loblh plots were not sampled in 2004 
because of clear-cutting, especially on the CH, OR, and MR 
transects. Less clear-cutting occurred in swamps than occurred 
in bottomland hardwoods (although one swamp plot at WEW 
was cleared). Evidence of selective cutting in swamps was 
recorded in 1976 as well as in 2004, usually as bald cypress 
stumps, but was not common in either survey.
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Figure 13.  Mean basal area and density of trees on 1976 and 2004 replicated forest plots in the Apalachicola 
River floodplain, Florida. Number of pairs of replicate plots are given in parentheses below forest types. Basal 
area and density were weighted by the percent of area of each forest type in each reach. Probabilities (p) 
determined from t-test are based on unweighted data. P values shown with * are < 0.1 but > 0.05; with **, < 0.05.
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Canopy density has decreased in all forest types, and 
the loss of density (37 percent  less) was highly significant 
in swamps (1976, x = 1111 trees/ha, sd = 875; 2004, x = 699 
trees/ha, sd = 427; p = 0.001). Subcanopy tree density in 2004 
swamps was also significantly less than 1976 canopy density 
in swamps (1976 canopy, x = 1100 trees/ha, sd = 902; 2004 
subcanopy, x = 290 trees/ha, sd = 436; p < 0.001). 



The decrease in density of canopy trees in swamps 
has important ramifications for future swamp composition. 
Thinning of the canopy allows more sunlight on the forest 
floor, which may allow greater growth of ground-cover plants 
on the forest floor. In turn, the thicker ground cover makes 
it more difficult for tree seedlings to become established. 
Some swamps that were known to be nearly bare of ground 



cover in 1976 were densely covered with grasses and sedges 
in 2004 (cover photo). The average extent of ground cover 
on 2004 swamp plots averaged nearly 40 percent. In the 
Suwannee River floodplain, the same observer estimated 
ground-cover extent to average about 25 percent in nontidal 
swamps (Darst and others, 2002). Most of the ground cover 
species seen in 2004 swamps in the Apalachicola River 
floodplain were perennial grasses such as savannah panicum 
(Phanopyrum gymnocarpon).



When species in each forest type were grouped by FSCs, 
the changes in density from the 1976 canopy to the 2004 
canopy and subcanopy on replicated plots was significantly 
toward drier forest compositions in Loblh forests and swamps 
(fig. 14). In all forest types, the dominant FSCs in the 1976 
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Figure 14.  Mean density of trees grouped by Floodplain Species Categories on replicated forest plots (1976 and 2004) in the Apalachicola 
River floodplain, Florida. Number of pairs of replicate plots are given in parentheses below forest types. Densities were weighted by the 
percent of area of each forest type in each reach. Significant differences between 1976 canopy and 2004 canopy and subcanopy were 
determined using t-test. Probabilities (p) were calculated using unweighted data. P values shown with *  are < 0.1 but > 0.05; with **, < 0.05.
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canopy had a lower density in both the 2004 canopy and 
subcanopy. For example, in Loblh forests, the density of FSC2 
species (green bars) was significantly less in the 2004 canopy 
and subcanopy than it was in the 1976 canopy. In Loblh 
forests, the density of the next drier FSC group (FSC3, tan 



bars) had significantly increased in 2004. In swamps, the FSC2 
group increased in density while the FSC1 group decreased. 
The results of statistical tests on unweighted data from replicate 
plots are shown in table 11. The mean values for unweighted 
data are slightly different from values for weighted data.



Table 11.  Statistical evaluation of differences between densities of trees grouped by Floodplain Species Categories on 
replicate forest plots (1976 and 2004)  in the Apalachicola River floodplain, Florida.



[Significant differences between 1976 canopy and 2004 canopy and subcanopy density of Floodplain Species Categories (FSC) were deter‑
mined using t-test. Canopy includes trees ≥ 7.5 centimeter (cm) diameter at breast height (dbh); subcanopy trees are < 7.5 and ≥ 2.5 cm dbh.  
Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods; sd, standard deviation; x, mean;  >, greater than; ≥, greater than or 
equal to; <, less than; ≤, less than or equal to]



  Indicates difference is highly significant (p ≤ 0.05)
  Indicates difference is less significant  (p < 0.1 > 0.05)
  Indicates difference is not significant (p ≥ 0.1)



Forest type 
(number of pairs 



of replicate 
plots sampled)



FSC group
Mean density, in trees/ha, and standard deviation



Statistical significance of difference 
from 1976 canopy density for:



1976 canopy 2004 canopy 2004 subcanopy 2004 canopy 2004 subcanopy



Hiblh 
(15)



FSC1 x =   4.8
sd = 40.2



x =   8.8
sd = 17.2



  x = 0
sd = 0



p = 0.312 p = 0.087



FSC2 x = 72.4
sd = 72.4



x = 60.3
sd = 47.9



x = 33.4
sd = 26.0



p = 0.287 p = 0.026



FSC3 x = 459.7
 sd = 397.9



x = 433.9
 sd = 152.7



x = 581.6
 sd = 524.3



p = 0.396 p = 0.265



FSC4 x =   47.4
sd = 125.6



x = 46.5
sd = 59.9



x = 34.7
sd = 59.3



p = 0.487 p = 0.357



All x = 594.3
sd = 412.1



x = 549.4
sd = 153.2



x = 649.7
sd = 524.6



p = 0.326 p = 0.392



Loblh 
 (20)



FSC1 x = 58.7
sd = 85.4



x =   84.0
sd = 135.6



x = 28.6
sd = 39.6



p = 0.166 p = 0.091



FSC2 x = 360.8
sd = 263.1



x = 248.4
sd = 147.0



x = 99.2
sd = 91.1



p = 0.044 p < 0.001



FSC3 x = 101.5
 sd =   94.7



x = 161.4
 sd = 145.4



x = 301.2
 sd = 237.6



p = 0.063 p = 0.001



FSC4 x = 0.33
sd = 1.5



x = 0
sd = 0



x = 2.0
sd = 5.9



p = 0.165 p = 0.135



All x = 521.3
sd = 299.5



x = 493.9
sd = 160.5



x = 431.1
sd = 230.3



p = 0.367 p = 0.239



Swamp 
(36)



FSC1 x = 1,067.6
sd =    884.7



x = 609.8
sd = 461.6



x = 174.2
sd = 405.5



p < 0.001 p < 0.001



FSC2 x =   39.0
sd = 102.8



x =   75.1
sd = 107.6



x =   90.8
sd = 148.1



p = 0.084 p = 0.009



FSC3 x = 2.6
 sd = 9.2



x = 13.8
 sd = 32.4



x = 25.1
 sd = 56.4



p = 0.016 p = 0.013



FSC4 x =   1.8
sd = 10.2



x = 0
sd = 0



x = 0.3
sd = 1.9



p = 0.143 p = 0.188



All x = 1,111.1
sd =    874.6



x = 698.6
sd = 426.8



x = 290.5
sd = 436.2



p = 0.001 p < 0.001
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Growth Rates, Tree Sizes, Mortality, and 
Recruitment



Data on tree species and forest types were obtained at the 
thesis plots in 2004 by sampling the survivors of the trees that 
were sampled in 1976. Analyses of these data are presented in 
detail, because information of this type is rarely available for 
the same set of trees over a long period of time (28 years).



Growth Rates



The average growth rate for all tree species on the 
thesis transects was 0.38 cm/yr (table 4). All results were 
shown in table 4 regardless of sample size because growth 
rates of many floodplain tree species are poorly known. 
Species that are typically dominant in Hiblh forests would be 
expected to have optimum growth rates in Hiblh forests, but 
sweetgum and hackberry grew at a faster rate in Loblh than 
in Hiblh forests (table 4). Drier conditions may have slowed 
the growth of these species in Hiblh forests relative to their 
growth in Loblh forests. Slow-growing species, such as green 
haw, possum haw, persimmon, and box elder are typically 
small canopy trees at maturity. When young, these smaller 
trees may grow more rapidly in temporary openings in the 
canopy and then grow very slowly when ultimately suppressed 



by the taller canopy trees. Most possum haw and popash trees 
have multiple trunks, and growth rates for these species may 
not apply to any individual trunk, but are still indicative of the 
rate of increase in biomass.



Growth rates of 51 trees at the BLT transect were 
compared statistically to growth rates for the same trees 
determined from tree-ring samples taken in 2006 (Smith, 
2007). The 51 trees sampled were of 5 species (bald cypress, 
hackberry, swamp laurel oak, overcup oak, and green ash) and 
had an average dbh of 42 cm. No significant difference was 
found between growth rates of individual trees determined by 
Smith from tree rings and those calculated from dbh measure‑
ments (p = 0.647) using the Wilcoxon matched-pairs signed-
ranks test. 



Incremental Tree-Size Groups



Incremental size groups of trees on the thesis plots in 
1976 and 2004 are shown in figure 15. The tops of the bars 
form the inverted J-shaped curve that is typical of mature, 
continually regenerating forest stands (Shimano, 2000). 
The slightly less steeply curved shape of the 2004 data size 
groups indicates some maturing of the forests with an increase 
in the number of trees in the number 5 or larger size groups. 
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Figure 15.  Incremental size groups of canopy trees on the thesis transects in 1976 and 2004 on the Apalachicola River 
floodplain, Florida. Incremental size groups of canopy trees have diameters at breast height in 10 cm increments beginning 
with size group 2 (≥ 7.5 and < 17.4 cm) and ending with size group 15 (≥ 137.5 and < 147.4 cm).
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Changes in incremental tree-size groups (fig. 15), total 
basal area, and average dbh of canopy trees (table 12) for 
forest types support the conclusion that, although the forests 
at the thesis transects appeared to be mature in 1976, some 
additional maturation had occurred by 2004. At the WEW 
transect, the position of the site on newly created land formed 
by a laterally accreting bank (fig. 5), helps explain why forests 
were younger at the WEW transect in 1976, but the BLT 
transect is on an eroding channel bank. Forests on the BLT 
transect appeared to be mature in 1941 aerial photos (fig. 3), 
but they may still have been recovering from selective cutting 
done in the late 1800s and early 1900s, because the maximum 
potential for biomass had not been realized in 1976.



Mortality and Recruitment Rates



Out of 717 canopy trees surveyed at BLT and WEW 
in 1976, 255 trees were dead in 2004 (table 12). Snags, 
stumps, holes, or depressions were evident where most trees 
had died. The combined mortality rate averaged 1.3 percent 
per year at both transects. By 2004, 251 new canopy trees 
appeared at both transects, bringing back the total number of 
canopy trees alive in 2004 to 713. Tree numbers were main‑
tained in a nearly steady state by mortality and recruitment 



rates, but there was a small net loss of trees at BLT (2.2 
percent) and an increase in trees at WEW (4.7 percent) over 
an average of 28 years.



 Mortality per year at both transects was lower in swamps 
and in Loblh plots than in the only Hiblh plot (the levee at 
BLT), which had a mortality rate of 1.5 percent. Average 
recruitment rates per year were highest in Loblh and lowest in 
Hiblh. The net result of these changes is a loss of tree density 
in Hiblh and in swamps, and a gain in tree density in Loblh 
forests.



 Mortality and recruitment of 14 tree species at the thesis 
transects are shown in table 13. Although water oak is a 
dominant species (table 9), it was not included, because only 
one tree was sampled on the thesis plots in 1976. Four species 
dominant in Hiblh forests (sweetgum, hackberry, ironwood, 
and possum haw) had higher recruitment in Loblh than in 
Hiblh forests, which could be an indication of drier hydro‑
logic conditions. Although all three species, which are listed 
as intolerant of shade, are in decline at the thesis transects 
(which might be expected in maturing forests), several species 
listed as intermediate or very tolerant of shade are also 
decreasing in density. 



Table 12.  Composition characteristics of 1976 and 2004 forest types at the BLT and WEW transects in the Apalachicola 
River floodplain, Florida.



[Data were collected at plots used in thesis research by Leitman (1978). Data from 1976 were modified to match boundaries of remnant 
plots in 2004. dbh, diameter at breast height; ha, hectare; m2, square meters]



Forest Types



Hiblh Loblh Swamp All types



  1976 2004 1976 2004 1976 2004 1976 2004



Area, in ha 0.266 0.266 1.012 1.012 0.322 0.322 1.6 1.6



Total basal area, in m2 8.98 9.79 22.72 31.05 8.21 11.37 39.91 52.21



Basal area, in m2/ha 33.7 36.8 20.6 27.7 28.9 37.7 24.9 32.6



Average dbh per canopy tree, in centimeters 22.0 26.9 22.2 23.6 23.0 28.0 22.3 24.9



Number of  trees 168 123 430 479 119 111 717 713



Density, in trees/ha 632 462 398 448 385 369 488 446



Dead trees in 2004 70 149 36 255



Mortality, in percent of trees per year 1.5 1.2 1.1 1.3



New trees in 2004 25 198 28 251



Recruitment, in percent of trees per year 0.5 1.7 0.8 1.3



Net change in density, in percent of trees 
per year -1.0 0.5 -0.3 0.0
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Floodplain Indices
FIs were used to quantitatively compare the relative 



wetness or dryness of forest tree species compositions. The FIs 
of plots and tree-size classes in 1976 and 2004 forests were 
compared to each other and to FIs from forests on other north 
Florida streams. The changes in FIs at the thesis plots, where 
1976 trees were exactly recovered in 2004, are also discussed. 
The significance of differences in FIs was statistically exam‑
ined with the Wilcoxon matched-pairs signed-ranks test. 



Replicate Plots



The composition of 2004 plots that replicated 1976 
plots (71 pairs of plots) averaged 4.4 percent (+0.044) drier 
(p = 0.086, table 14, app. 9). Analysis of replicate plots 
grouped by forest types indicates that most of this drying 
occurred in swamps that were significantly drier in 2004 (8.8 
percent, p = 0.026). Analysis grouped by reach indicated that 
replicate plots of all forest types in the upper reach aver‑
aged 5.0 percent drier in composition than in 1976 forests 
(p = 0.066). Replicate plots in the middle and lower reaches 
were not significantly drier in composition than 1976 plots. 



The relatively small change in FIs of 4.4 percent found in 
replicate plot sampling was probably due to the importance of 
the large canopy trees in determining FIs. The total basal area 
of the large canopy trees was more than 80 percent of the total 
basal area for all trees in the 1976 and 2004 datasets. The 2004 
large canopy tree-size class, with a median age of 99 years 
(table 5), grew in pre‑1954 hydrologic conditions for nearly 
half of their lives. Eventually, the larger trees will be replaced 
by trees that have lived entirely in post-1954 years. 



A comparison of FI values for the 1976 canopy and 
small canopy tree classes on the eight replicated thesis plots 
is shown in table 15. The 1976 small canopy trees were drier 
at five plots and wetter at three plots than the 1976 canopy 
tree-size class. If the smaller canopy tree-size class was an 
indicator of the future composition of the canopy, five plots 
would be expected to have become drier and three would have 
become wetter. The 1976 small canopy composition predicted 
the direction of change (to drier or wetter FI) in composition 
of the 2004 canopy correctly in seven of eight cases. At one 
Loblh plot at WEW, the canopy became drier despite the 
indication of a future change to a wetter canopy. 



Table 13.  Mortality and recruitment of 14 tree species on the BLT and WEW transects in the Apalachicola River floodplain, Florida.



[Species are listed in descending order by net change. Scientific names of species are listed in appendix 1. Hiblh, high bottomland hardwoods; Loblh, 
low bottomland hardwoods; yr, year]



Species FSC
Sample 



size
Shade  



tolerancea



Mortality, in percent/yr Recruitment, in percent/yr Net 
change, in 
percent/yrHiblh Loblh Swamp All Hiblh Loblh Swamp All



Ogeechee tupelo 1 17 not listed   0.000 0.000 0.000   7.181 4.695 5.280 5.28



hackberry 3 46 very tolerant 0.399 0.873   0.781 0.000 2.135 new 2.030 1.25



ironwood 3 36 very tolerant 1.056 1.134   1.097 1.690 2.835   2.294 1.20



overcup oak 2 46 moderately 
intolerant



1.795 0.850 1.795 1.015 0.598 1.795 1.795 1.639 0.62



swamp laurel oak 2 52 intermediate to 
intolerant



1.306 1.051   1.105 0.326 2.102   1.726 0.62



red maple 2 22 tolerant   1.026 0.449 0.816 new 1.795   1.306 0.49



bald cypress 1 23 intermediate   0.000 0.239 0.156   1.795 0.000 0.624 0.47



possum haw 3 36 very tolerant 1.867 0.979   1.596 0.575 3.591   1.496 -0.10



green ash 2 45 intermediate 1.436 1.197 1.795 1.277 0.000 1.415 0.000 1.037 -0.24



water hickory 2 65 intermediate 3.591 1.274   1.381 1.197 0.985   0.994 -0.39



water tupelo 1 17 intolerant     0.785 0.785     0.000 0.000 -0.79



sweetgum 3 116 intolerant 1.323 1.643   1.486 0.063 0.669   0.371 -1.11



popash 1 36 intermediate   1.197 2.067 1.995   0.000 0.000 0.000 -2.00



river birch 2 7 intolerant 3.591 2.394   2.565 0.000 0.000   0.000 -2.57



a From Clark and Benforado, 1981.
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The Hiblh plot at BLT had the greatest change to drier 
composition of any thesis plot (18 percent, table 15). This 
plot was located on an eroding bank and part of the original 
plot was gone in 2004. Increased drainage caused by close 
proximity of this plot to the river channel probably contributed 
to the change to drier species composition. The Loblh plot 
adjacent to the Hiblh plot at BLT was not in close enough 
proximity to the channel to be affected by increased drainage. 
That Loblh plot and the swamp plot on the BLT transect 
were wetter in composition in 2004 than in 1976. The swamp 
plot is in a depression that collects water during heavy rains 
and retains water after river overflows. The Loblh plot is 
connected to the same swamp by a shallow swale. If beaver 
activity (which was observed in the BLT swamp in 2005) is 
greater now than it was prior to 1976, water retention on these 
two plots could have increased. 



Floodplain forests could change to a drier species 
composition if flood durations become shorter or if the deposi‑
tion of alluvial sediments increased ground elevations. There 
was no evidence of significant sedimentation on either thesis 



transect since 1976. Photographs taken from about the same 
spot in 1977 and 2005 at the BLT transect show a remarkable 
similarity in the exposure of tree bases (fig. 16). 



FIs of canopy trees on all thesis plots averaged 6.7 
percent drier from 1976 to 2004 (table 15), which was more 
than the average difference for the whole replicate plot set (4.4 
percent, table 14). The rate of change in FI values from 1976 
to 2004 for canopy trees at all thesis plots averaged 0.2 percent 
drier per year. If this rate of change remains constant, plots at 
the WEW and BLT transects could become 19.4 percent drier 
than the 2004 canopy by 2085, the year when the median age 
of surviving 2004 subcanopy trees will reach the median age 
(99 years) of the 2004 large canopy trees. 



1976 Size Classes
Water-level decline began in 1954, so FI values for 



the tree-size classes at the 1976 thesis and ARQA intensive 
plots were analyzed to determine if changes to drier forest 
composition were already evident in 1976. At these 21 plots, 
the average FI value for all canopy trees was significantly 



Table 14.  Changes in Floodplain Indices from 1976 to 2004 for replicate plots grouped by 
reach and forest type in the Apalachicola River floodplain, Florida.



[Results are listed for individual plots in appendix 9. A change of  + 0.01 in a Floodplain Index (FI) 
is a change of 1 percent of the species composition (as determined by dominance) toward a drier 
forest type. FIs are calculated from relative basal areas of canopy trees weighted by the Floodplain 
Species Category. Significant differences between 1976 canopy and 2004 canopy were determined 
using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 but < 0.10; 
with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods; n; sample 
size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



  Indicates FI for 2004 plot is drier than FI for 1976 plot (difference is positive)
  Indicates FI for 2004 plot is wetter than FI for 1976 plot (difference is negative)



 Reach
 Forest 



type
 Sample 



size



Average Floodplain Indices (FI) Difference in FI  
(2004 canopy minus  



1976 canopy) 1976 canopy 2004 canopy



UPPER



Hiblh   9 2.801 2.821 0.019



Loblh   7 2.150 2.183 0.033



Swamp 14 1.034 1.113 0.079 *



All 30     0.050 *



MIDDLE



Hiblh   6 2.804 2.799 -0.005



Loblh 11 1.997 2.018 0.021



Swamp 16 1.138 1.256 0.118



All 33     0.063



LOWER



Loblh   2 1.995 1.666 -0.328



Swamp   6 1.015 1.044 0.029



All   8     -0.061



Average difference in FI for Hiblh (n = 15) 0.010



Average difference in FI for Loblh (n = 20) -0.010



Average difference in FI for Swamp (n = 36) 0.088 **



Average difference in FI for all plots (n = 71) 0.044 *
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Table 15.  Change to drier or wetter species composition of the 2004 canopy predicted by differences in Floodplain Indices between the 1976 
canopy and 1976 small canopy tree-size classes at plots on the BLT and WEW transects in the Apalachicola River floodplain, Florida.



[Plots located at the BLT and WEW transects were sampled in 1976-1977 (Leitman, 1978) and resampled in 2004-2006. The elapsed years between surveys 
was 28.2 years at the WEW transect and 27.5 years at the BLT transect. A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the species 
composition, as determined by dominance, toward a drier forest type. FIs are calculated from relative basal areas. Canopy trees are ≥ 7.5 centimeter (cm) 
diameter at breast height (dbh); small canopy trees are < 25 and ≥ 7.5 cm dbh. FIs for canopy trees calculated from relative basal areas. >, greater than; 
≥, greater than or equal to; <, less than; ≤, less than or equal to]



  Indicates FI is drier than FI of 1976 canopy (difference is positive)
  Indicates FI is wetter than FI of 1976 canopy (difference is negative)



Transect
Forest type 



of plot



Floodplain Index (FI) Difference in FI Was the direction of 
change in FI for the  



2004 canopy predicted  
correctly by the FI of the  



1976 small canopy?



Annual rate of positive  
change in FI (to drier  
species composition)



FI for 1976  
canopy



1976 small  
canopy trees



2004 canopy  
trees



1976 small canopy  
minus 1976  



canopy



2004 canopy  
minus 1976  



canopy



   WEW



Loblh 1.767 1.820 1.933 0.053 0.166 yes 0.006



Loblh 1.914 1.587 2.062 -0.327 0.148 no 0.005



Swamp 1.134 1.208 1.224 0.074 0.090 yes 0.003



   BLT



Hiblh 2.650 2.772 2.830 0.122 0.180 yes 0.007



Loblh 2.228 2.103 2.092 -0.125 -0.136 yes -0.005



Loblh 2.335 2.640 2.435 0.305 0.100 yes 0.004



Loblh 2.128 2.279 2.146 0.151 0.018 yes 0.001



Swamp 1.077 1.042 1.048 -0.035 -0.029 yes -0.001



Average 1.904 1.931 1.971 0.027 0.067 0.002



1976 2005



Photographs by Helen Light
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B
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Figure 16.  Low bottomland hardwood forest on the BLT transect in 1976 and 2005 in the upper reach of the Apalachicola 
River floodplain, Florida. Although lens distortion varies between these two photographs taken 29 years apart, they were 
taken from the same location facing in the same direction. Three trees that were present in 1976 and 2005 are marked A, 
B, and C. Surviving tree bases are exposed to the same extent in both photographs, indicating that no significant erosion 
or sedimentation took place between 1976 and 2005.
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drier (2.8 percent, p = 0.026) than the FI value for the large 
canopy tree-size class (table 16), indicating that forest 
composition had become drier when sampled in 1976 than the 
forest composition prior to 1954. The 1976 small canopy tree 
size was 8.8 percent drier than the 1976 canopy (p = 0.080), 
indicating that forests would probably become drier on these 
plots in the future.



The upper reach had the largest sample size (n = 12) 
of any reach or forest type, and the average differences in 
FI values for size classes were significant only for this subset. 
Forests in the upper reach were 4.0 percent drier in composi‑
tion than they were prior to 1954 (p = 0.032) (using the 
large canopy tree-size class to represent the pre‑1954 forest 
composition). The average difference in FIs between the small 
canopy tree-size class and canopy trees in the upper reach 
was 13.6 percent drier (p = 0.032). Forest drying may have 
proceeded more quickly in the upper reach than in down‑
stream reaches, because large declines in water levels in the 
upper reach occurred rapidly in the first 10 years after the dam 
was constructed in 1954 (Light and others, 2006).



 2004 Size Classes



Small canopy trees on 2004 forest plots averaged 10.5 
percent drier, and subcanopy trees were 31.0 percent drier than 
canopy trees (table 17, app. 10). Average differences between 
subcanopy trees and canopy trees were highly significant for 
all plots combined (p < 0.001), and plots combined by reach or 
forest type (p ≤ 0.012). The large canopy tree-size class in 2004 
forests was 1.6 percent wetter than canopy trees, indicating that 
the longest time period, including many years prior to 1954, had 
the wettest hydrologic conditions. The much drier subcanopy 
tree-size class indicates that the driest conditions occurred in the 
shortest and most recent time period. The average change for 
subcanopy trees (31.0 percent drier) is large, indicating a high 
potential for a much drier canopy in the future.



Size Classes on Other North Florida Streams



Differences in FI values for tree-size classes on the 
Suwannee, Ochlockonee, Aucilla, St. Marks, and Telogia 
floodplains suggest that forest composition may be drying on 



Table 16.  Differences in Floodplain Indices for 1976 canopy tree-size classes in forests of the Apalachicola River 
floodplain, Florida. 



[Data in this table is from thesis plots and Apalachicola River Quality Assessment intensive plots. A change of + 0.01 in a Flood‑
plain Index (FI) is a change of 1 percent of the species composition, as determined by dominance, toward a drier forest type. FIs 
are calculated from relative basal areas. Tree size class definitions: canopy ≥ 7.5 centimeter (cm) diameter at breast height (dbh); 
large canopy, ≥ 25 cm dbh; small canopy, < 25 and ≥ 7.5 cm dbh. Significant differences between 1976 canopy and 2004 canopy 
were determined using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 but < 0.10; with ** 
are ≤ 0.05. Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods; n, number of plots; >, greater than; ≥, greater 
than or equal to; <, less than; ≤, less than or equal to]



  Indicates FI for given size class is drier than FI for canopy trees (difference is positive)
  Indicates FI for given size class is wetter than FI for canopy trees (difference is negative)



Reach
Forest  
type



Sample  
size



Average 1976 Floodplain Indices (FI) Difference in FI



Canopy Large canopy Small canopy
Large canopy 
minus canopy



Small canopy 
minus canopy



UPPER



Hiblh 4 2.747 2.706 2.895 -0.040 0.148



Loblh 4 2.194 2.125 2.380 -0.069 0.186



Swamp 4 1.074 1.063 1.148 -0.011 0.074



All 12 2.005 1.965 2.141 -0.040 ** 0.136 **



MIDDLE
Loblh 3 1.968 1.977 1.842 0.009 -0.126



Swamp 2 1.225 1.225 1.233 0.000 0.008



All 5 1.693 1.671 1.749 0.006 -0.072



LOWER
Loblh 2 1.995 1.930 2.264 -0.065 0.269



Swamp 2 1.003 1.000 1.023 -0.003 0.020



All 4 1.479 1.456 1.567 -0.034 0.145



Average difference in FI for Hiblh (n = 4) -0.040 0.148



Average difference in FI for Loblh (n = 9) -0.042 0.101



Average difference in FI for Swamp (n = 8) -0.006 0.044



Average difference in FI for all plots (n = 21) -0.028 ** 0.088 *
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some other north Florida floodplains, but combined results 
from all five rivers were not statistically significant, and 
the amount of drying was generally much less than that on 
the Apalachicola River floodplain (table 18). The average 
difference between the subcanopy and canopy trees was 11.4 
percent drier on the five other floodplains compared with 
26.9 percent drier in Apalachicola River floodplains. Values 
for the Apalachicola River in table 18 differ from those in 
table 17 because the definition for subcanopy trees is different. 
Subcanopy trees on the five other floodplains were defined 
as trees with a dbh < 10.0 cm; therefore, tree data from the 
Apalachicola River floodplain plots were regrouped for this 
analysis into size classes with the same definition.



Of the five other streams, the Ochlockonee River is 
probably the most similar to the Apalachicola River in terms 
of floodplain characteristics and forest composition. Both are 



alluvial streams and the Ochlockonee River is geographically 
closer to the Apalachicola than the other four streams. Unlike 
the Apalachicola River, however, large canopy trees on 
Ocklockonee River plots were drier than the canopy trees, 
and small canopy trees were wetter.



Differences in FI values for size classes on the Suwannee 
River were the most similar to the differences on the 
Apalachicola River. The large canopy was 3.5 percent wetter 
in composition than the canopy, the small canopy trees were 
8.8 percent drier than the canopy, and the subcanopy trees 
were 17.8 percent drier than the entire canopy. This may 
indicate that water-level decline has occurred on the Suwannee 
River. Differences in FI values for the large canopy and small 
canopy size classes on the Suwannee River were statistically 
significant, but the difference for the subcanopy trees was not 
significant. 



Table 17.  Differences in Floodplain Indices between 2004 canopy and subcanopy tree-size classes by reach and forest type in the 
Apalachicola River floodplain, Florida.



[Results are listed for individual plots in appendix 10. A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the species composition 
(as determined by dominance) toward the next drier forest type. FIs for canopy trees are calculated from relative basal areas; for subcanopy trees, from rela‑
tive density. Canopy trees have diameter at breast height (dbh) ≥ 7.5 centimeter (cm); large canopy trees have dbh ≥ 25 cm; small canopy trees, dbh < 25 
and ≥ 7.5 cm; and subcanopy trees, dbh < 7.5 and ≥ 2.5 cm. Significant differences between tree-size classes were determined using Wilcoxon matched-
pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 but < 0.10; with ** are ≤ 0.05.  Hiblh, high bottomland hardwoods; Loblh, low bottomland 
hardwoods; n = sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



  Indicates FI for given size class is drier than FI for canopy trees (difference is positive)
  Indicates FI for given size class is wetter than FI for canopy trees (difference is negative)



Reach
Forest  
type



Number  
of  



plots



Average 2004 Floodplain Indices (FI) Difference in FI



Canopy Large canopy Small canopy Subcanopy
Large  



canopy  
minus canopy



Small  
canopy  



minus canopy



Subcanopy  
minus canopy



UPPER



Hiblh 10 2.853 2.820 3.055 3.018 -0.033* 0.202 ** 0.165



Loblh 7 2.183 2.124 2.475 2.702 -0.060** 0.291 ** 0.519 **



Swamp 14 1.113 1.105 1.207 1.533 -0.008** 0.094 ** 0.421 **



All 31 1.809 1.888 2.09 2.276 -0.028 ** 0.174 ** 0.360 **



MIDDLE



Hiblh 6 2.799 2.785 2.875 2.909 -0.014 0.076 0.109



Loblh 11 2.018 2.000 2.102 2.474 -0.017 0.085 0.393 **



Swamp 17 1.241 1.233 1.376 1.398 -0.009 0.135 * 0.171



All 34 1.767 1.755 1.876 2.059 -0.012 0.108 * 0.233 **



LOWER



Hiblh 3 2.642 2.629 2.647 2.880 -0.013 0.004 0.237



Loblh 16 2.026 2.006 2.064 2.425 -0.020 0.039 0.399 **



Swamp 11 1.096 1.093 1.119 1.368 -0.002 0.023 0.274 **



All 30 1.746 1.734 1.776 2.083 -0.007 0.030 0.337 **



All 95 1.809 1.793 1.914 2.141a



Average difference in FI for Hiblh (n = 19) -0.024 ** 0.131 ** 0.159 **



Average difference in FI for Loblh (n = 34) -0.022 * 0.106 ** 0.423 **



Average difference in FI for Swamp (n = 42) -0.007 ** 0.092 ** 0.289 **



Average difference in FI for all plots (n = 95) -0.016 ** 0.105 ** 0.310 **



aAverage difference for subcanopy is based on an  
average FI of 1.830 for the 2004 canopy of 91 plots.  
Four plots had no subcanopy trees.
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Table 18.  Differences in Floodplain Indices of tree-size classes on floodplain forest plots of six North Florida 
streams.



[Results are based on data from six streams collected from 1987 to 2006. A change of  + 0.01 in a Floodplain Index (FI) is 
a change of 1 percent of the species composition (as determined by dominance) toward a drier forest type. FIs for canopy 
trees calculated from relative basal areas of trees; for subcanopy trees, from relative density. For this analysis, tree size 
classes were defined as follows: canopy, diameter at breast height (dbh) ≥ 10.0 centimeter (cm); large canopy trees, dbh 
≥ 25 cm; small canopy trees, dbh < 25 and ≥ 10.0 cm; and subcanopy trees, dbh < 10.0 and ≥ 2.5 cm. Significant differ‑
ences between tree-size classes were determined using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown 
with * are > 0.05 but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods]



  Indicates FI for given size class is drier than FI for canopy trees (difference is positive)
  Indicates FI for given size class is wetter than FI for canopy trees (difference is negative)



River (year sampled) Difference in FI



Forest type
Number of  



plots
Large canopy minus  



canopy
Small canopy minus  



canopy
Subcanopy minus  



canopy



Apalachicola River (2004-2006)      



Hiblh 19 -0.007 ** 0.120 ** 0.190 **



Loblh 34 -0.016 0.081 0.394 **



Swamp 42 -0.005 * 0.083 * 0.279 **



Average for all plots 95 -0.009 ** 0.089 ** 0.269 **



Suwannee River (1996-1999)      



Hiblh 6 -0.029 0.025 0.064



Loblh 5 -0.047 0.172 0.267



Swamp 5 -0.034 0.108 0.266



Average for all plots 16 -0.035 ** 0.088 ** 0.178



Ochlockonee River (1987-1990)      



Hiblh 3 0.013 -0.133 0.312



Loblh 3 0.047 -0.352 -0.080



Swamp 3 -0.004 0.035 0.012



Average for all plots 9 0.019 -0.150 0.081



Aucilla River (1987-1990)      



Loblh 2 0.001 -0.031 -0.284



St. Marks River (1987-1990)      



Loblh 2 -0.026 0.140 -0.198



Telogia Creek (1987-1990)      



Swamp 2 -0.020 0.079 0.454



Average difference in FI on Suwannee, 
Ochlockonee, Aucilla, and St. Marks  



Rivers and Telogia Creek   
plots combined



-0.016 0.014 0.114



Average difference in FI on Apalachicola 
River plots combined



-0.009 ** 0.089 ** 0.269 **
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Drier Forests Associated with Decline in 
River Levels



Results of forest composition analyses presented thus 
far suggest that many forest changes are attributable to drier 
hydrologic conditions in the floodplain. Temporal changes in 
hydrologic conditions and forest composition are examined in 
this section.



To link changes in hydrology to changes in vegetation, 
the correlations between flood durations in the growing season 
and FIs were analyzed. Flood durations in the growing season 
and FIs of four tree-size classes were significantly correlated 
for Hiblh and Loblh forests, all forest types combined in each 
reach, and all forest types in all reaches combined (table 19). 
Flood durations in the growing season in swamps were not 
significantly correlated to FIs. Correlations for all groups 
were negative; as flood durations increased, FIs decreased. 
Correlations with other hydrologic parameters were also 



tested (not shown on table 19) and FIs of swamps were not 
significantly correlated to flood durations in the whole year, 
depths, or frequencies. Hydrologic conditions estimated from 
river stage, without adjustments for local site characteristics, 
were generally underestimated for depressional swamps in the 
floodplain and overestimated for swamps at BR. The Pearson r 
values, significance, and sample sizes for all forest groups are 
presented in appendix 11. 



Temporal changes in hydrologic conditions are compared 
to temporal changes in forest composition by presenting both 
in terms of change toward the next drier forest type. Flood 
durations during hydrologic periods associated with 1976 
and 2004 tree-size classes were used to calculate the change 
in flood duration toward duration of the next drier forest 
types. Results from FI analyses are summarized to represent 
past or potential change to drier forest species composition 
from pre‑1954 to 2085, and the impacts of changes in forest 
composition are discussed.



Table 19.  Correlations between Floodplain Indices of 1976 and 2004 tree-size classes and flood durations in forests 
of the Apalachicola River floodplain, Florida.



[Flood duration is the average number of days of flooding in the growing season. Correlations in swamp forests are low, primarily 
because flood durations were calculated directly from stage in the adjacent river channel without any adjustments for water 
retention in depressions or other factors affecting the relation between river stage and floodplain water levels. Correlations were 
calculated using Pearson correlation coefficients (r). Details of statistical analyses are given in appendix 11. Canopy includes 
trees ≥ 7.5 cm diameter at breast height (dbh); small canopy trees are < 25 and ≥ 7.5 centimeter (cm) dbh; subcanopy trees 
are < 7.5 and ≥ 2.5 cm dbh. Floodplain Indices (FI) for canopy trees calculated from relative basal areas; for subcanopy trees, 
from relative density. Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods; p, probability; >, greater than; 
≥, greater than or equal to; ≤, less than or equal to]



  Indicates correlation is highly significant (p ≤ 0.05)
  Indicates correlation is less significant (p < 0.1 and > 0.05)
  Indicates correlation is not significant (p ≥ 0.1)



Forest type Reach



Pearson r values for correlations between FIs and flood inundation in the growing season



 1976 canopy  
trees



2004 canopy  
trees



2004 small canopy 
trees



2004 subcanopy  
trees



   Hiblh    All -0.499 -0.637 -0.628 -0.439



   Loblh    All -0.405 -0.563 -0.511 -0.603



   Swamp    All -0.081 -0.108  -0.158 -0.163



   Reaches



   UPPER -0.648 -0.781 -0.731 -0.669



   MIDDLE -0.702 -0.757 -0.763 -0.649



   LOWER -0.785 -0.841 -0.841 -0.776



   Average -0.680 -0.636 -0.603 -0.566
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Shorter Flood Durations



Flood durations in the growing season for the 1976 
canopy (1923-1976) and 2004 subcanopy tree-size class 
(1995-2004) are shown for all forest types in all reaches in 
figure 17. Flood durations during 1995-2004 were shorter than 
flood durations during 1923-1976 for all forest types in all 
reaches; for example, in Loblh in the middle reach, the median 
flood duration of 47 days for the 1976 canopy decreased to 27 
days for 2004 subcanopy trees. 



Change in flood duration toward duration of the next 
drier forest type was calculated for each forest type in each 
reach (table 20). The following example is provided to demon-
strate how these data were calculated (see formula in section 
titled “Flood Duration, Depth, and Frequency by Forest Type 
and Reach”). The change in flood durations for Loblh forest 
in the middle reach from 1923-1976 to 1995-2004 was 65.6 
percent (last column, table 20). This value was calculated from 
data in figure 17 as follows:
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Figure 17.  Comparison of earliest (1923-76) and latest (1995-2004) flood durations by forest type and reach in the 
Apalachicola River floodplain, Florida. In most cases, the latest durations are similar to the earliest durations of the next 
drier forest type, a hydrologic shift that has encouraged a change in forest composition toward a drier mix of species. 
All values were calculated directly from stage in the adjacent river channel without any adjustments for water retention 
in depressions or other factors affecting the relation between river stage and floodplain water levels.
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Step 1



▪  Median flood duration for Loblh in middle reach in the 
    baseline period (1923-1976) = 46.70 days
▪  Median flood duration for Loblh in middle reach in 
    the most recent period (1995-2004) = 27.00 days
▪  Difference (46.70 – 27.00) = 19.70 days



Step 2



▪  Median flood duration for Loblh in middle reach in the  
    baseline period (1923-1976) = 46.70 days
▪  Median flood duration for Hiblh (the next drier forest type)  
    in middle reach = 16.69 days
▪  Difference (46.70 – 16.69) = 30.01 days



Step 3



▪  19.70 days / 30.01 days = 0.656
▪  0.656 * 100 = 65.6 percent change in flood duration  
    toward duration of next drier forest type



Changes in flood durations toward the durations of the 
next drier forest type are substantial in all forest types in all 
reaches with every advancing time period (table 20). Total 
changes in flood durations toward that of the next drier forest 
type were greatest in the upper reach (95.9 percent), interme‑
diate in the middle reach (64.2 percent), and least in the lower 
reach (42.0 percent). The total change in flood durations for all 
floodplain forests was a 70.4 percent shift toward the baseline 
flood durations of the next drier forest types.



Table 20.  Changes to shorter flood durations in forests of the Apalachicola River 
floodplain, Florida.



[Flood duration is the average number of days of flooding in the growing season based on stage in 
the adjacent river channel without any adjustments for water retention in depressions or other factors 
affecting the relation between river stage and floodplain water levels. The time period from 1923 
to 1976 is associated with 1976 canopy trees; 1951 to 2004, 2004 canopy trees; 1976 to 2004, 2004 
small canopy trees; 1995 to 2004, 2004 subcanopy trees. Canopy includes trees ≥ 7.5 centimeter 
(cm) diameter at breast height (dbh); small canopy trees are < 25 and ≥ 7.5 cm dbh; subcanopy trees 
are < 7.5 and ≥ 2.5 cm dbh. Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods; 
>, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



Forest  
type



Reach



Change in flood duration to duration of the next  
drier forest type, in percent, for time periods associated  



with forest sampling groups



From  
1923-1976 to  



1951-2004



From  
1951-2004 to  



1995-2004



Total change from  
1923-1976 to  



1995-2004



    Hiblh



   UPPER 32.3 36.4 68.7



   MIDDLE 5.8 23.8 29.6



   LOWER 10.0 14.8 24.8



   All 24.6 25.4 50.0



    Loblh



   UPPER 40.6 26.7 67.3



   MIDDLE 33.8 31.8 65.6



   LOWER 41.0 37.4 78.4



   All 33.6 21.4 55.0



    Swamp



   UPPER 82.8 68.9 151.7



   MIDDLE 52.2 45.3 97.5



   LOWER 9.3 13.6 22.9



   All 52.7 53.4 106.1



    Reachesa



   UPPER 51.9 44.0 95.9



   MIDDLE 30.6 33.6 64.2



   LOWER 20.1 21.9 42.0



   All 37.0 33.4 70.4



aAverage of forest types.
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Flood durations have decreased more in swamps (106.1 
percent) than in bottomland hardwood forests (50-55 percent). 
A value for swamps that exceeds 100 percent indicates that the 
flood duration of swamps has changed to a duration beyond 
that of Loblh (the next drier type) toward that of Hiblh forests. 
For some swamps that are directly connected to the river, 
such as the swamp at PL transect in figure 11A, a measure of 
hydrologic change, such as shown in table 20, is an accurate 
one. For other swamps, duration changes calculated from river 
stage may or may not be accurate, but field observations at 
the SE swamp (fig. 11B) suggest that decreases in inundation 
have been quite large even in swamps that do not have direct 
connections. Swamp duration changes in table 20 provide a 
rough estimate of relative change in the absence of long-term, 
site-specific measurements in swamps. 



Drier Forest Composition



The total drying estimates for forest types from pre‑1954 
composition to the composition of future forests in table 21 
were based on a combination of the replicate plot and size-class 
analyses presented in three previous tables. Forest changes 
from pre‑1954 to 1976 were calculated from the difference in 
FIs of the 1976 large canopy and 1976 canopy trees (table 16). 
The 1976 large canopy trees are the most representative 
group for pre‑1954 forest composition. Forest changes from 
1976 to 2004 were based on canopy trees in the replicate plot 
analysis in table 14, and the potential for future drying from 
2004 to 2085 was calculated from the difference between 
2004 canopy and subcanopy trees in table 17. The future forest 
canopy composition is estimated for 2085, because in that 



Table 21.  Change in forest composition from pre-1954 to 2085, calculated from Floodplain Indices of 1976 and 2004 
tree-size classes in forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the species composition (as determined by dominance) 
toward a drier forest type. Canopy includes trees ≥ 7.5 centimeter (cm) diameter at breast height (dbh); large canopy trees are is 
≥ 25 cm dbh; small canopy trees are < 25 and ≥ 7.5 cm dbh; subcanopy trees are < 7.5 and ≥ 2.5 cm dbh. FIs for canopy trees 
calculated from relative basal areas; for subcanopy trees, from relative density. Significant differences between tree-size classes 
were determined using Wilcoxon matched-pairs signed-ranks test. Details of statistical analyses are given in appendix 12. All 
values shown have a probability (p) < 0.1; with na, p ≥ 0.1 or the sample size ≤ 5. Hiblh, high bottomland hardwoods; Loblh, low 
bottomland hardwoods; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



Forest  
type



Reach



Change in composition to next drier forest type. in percent, for time periods associated  
with forest sampling groups



Pre-1954 to 1976  
(change from  



1976 large canopy to  
1976 canopy trees)



1976 to 2004 
(change from  



1976 canopy to  
2004 canopy trees)



2004 to 2085a  
(change from  



2004 canopy to  
2004 subcanopy trees)



Total from  
pre-1954 to 2085  



(change from  
1976 large canopy to  



2004 subcanopy trees)



    Hiblh



   UPPER na na na na



   MIDDLE na na na na



   LOWER na na na na



   All na na 15.9 15.9



    Loblh



   UPPER na na 51.9 51.9



   MIDDLE na na 39.3 39.3



   LOWER na na 39.9 39.9



   All na na 42.3 42.3



    Swamp



   UPPER na 7.9 42.1 50.0



   MIDDLE na na na na



   LOWER na na 27.3 27.3



   All na 8.8 28.9 37.7



    Reaches



   UPPER 4.0 5.0 36.0 45.0



   MIDDLE na na 23.3  23.3



   LOWER na na 33.7 33.7



   All 2.8 4.4 31.0 38.2
aIn 2085, the median age of surviving 2004 subcanopy trees will reach the median age (99 years) of the 2004 large  



canopy trees.











Changes in Hydrology and Forest Composition    51



year surviving 2004 subcanopy trees (with a median age of 18 
years) will reach the median age (99 years) of the 2004 large 
canopy trees. Trees with a median age of 99 years in 2085 
will dominate canopy composition by basal area. Assuming 
that recent hydrologic conditions continue, the 2085 canopy 
will probably have a FI similar to the 2004 subcanopy. Only 
changes in FIs that have a statistical significance of p < 0.100 
were included in table 21. Percent of change, significance 
values, and sample sizes for all forest groups are given in 
appendix 12. 



For all forest types and reaches combined, drying 
was significant in every time period (table 21). All forests 
combined were 2.8 percent drier when sampled in 1976 than 
they were before 1954. Replicate plots averaged 4.4 percent 
drier in 2004 than in 1976, resulting in a total difference of 
7.2 percent drier from pre‑1954 to 2004. The 2004 subcanopy 
trees in all forests were 31 percent drier than 2004 canopy 
trees. If the future forest composition becomes similar to that 
of the 2004 subcanopy, the total change in composition of all 
forests from pre‑1954 to 2085 is estimated to be 38.2 percent 
drier.



In every time period, FI differences for upper-reach 
forests were larger than those for all forests, with a total 
change from pre‑1954 to 2085 to 45 percent drier. None of 
the other subgroups had significant changes in all three time 
periods, probably because sample sizes in the two earliest 
periods were small.



Although FI differences in composition for most 
subgroups are significant only in the last time period 
(2004-2085), many of these changes will probably occur 
well before 2085. FI changes in the 2004 small canopy in 
table 17 (not shown in table 21) indicate that there is a highly 
significant difference (10.5 percent drier) between 2004 
small canopy and 2004 canopy for all forests combined, with 
significant drying in many subgroups. On average, about one-
third of the 31 percent total drying expected in the 2004-2085 
time period (table 21) will probably occur by 2050, the year 
when the 2004 small canopy trees will reach the age of 99, 
the median age of large canopy trees.



The overall change to drier hydrologic conditions in 
table 20 (70.4 percent) is much greater than the overall 
change to drier forest composition in table 21 (38.2 percent). 
This may have been caused, in part, by differences in calcula‑
tion methods. The total change in forest composition was 
calculated using the composition of the 2004 subcanopy trees 
which had an estimated median age of 18 years. But the time 
period for hydrologic analysis for 2004 subcanopy trees was 
limited to only 10 years (1995-2004), because the earliest 
hydrologic records were limited and all time periods associ‑
ated with tree-size classes needed to be comparable. Most of 
the subcanopy trees became established before 1995; there‑
fore, a younger generation of trees exists within the present 
subcanopy, which is probably drier in composition than the 
reported results.



Drying is expected to exceed 38 percent in the decades 
beyond 2085. The shift to drier hydrologic conditions has 
preceded the shift to drier forest composition. This result is 
expected, considering that forest change occurs gradually and 
that the composition of canopy trees may not fully reflect 
the new hydrologic conditions for many decades. Older, 
established trees with large root systems are able to survive 
some change in hydrologic conditions but will eventually be 
replaced by trees of drier species in the altered hydrologic 
regime. Overall forest composition could become 70 percent 
drier by the end of the century, especially if river levels 
continue to remain as low as they were in the 1995-2004 
period.



Ecological Effects of Altered Floodplain Forests



Trees are a dominant element in the ecological processes 
of forests. Changes in tree species composition will alter many 
complex relations that exist between trees and other forest 
organisms from large vertebrates to soil microorgan‑
isms. The degree to which these changes are occurring in 
Apalachicola River forests can be debated, because most of 
these relations are poorly understood in floodplain habitats; 
however, it can be assumed that the basic principles of food 
chain dynamics are operating in this relatively mature forest 
environment. Changes in the timing or quality of mast and 
fruit production, for example, will have an impact on the 
organisms that feed on them, such as mammals, birds, and 
insects. Changes in the timing of leaf-out, fruiting, and leaf-
drop of canopy trees will affect insect populations that are 
dependent upon canopy leaves, with consequences for bird 
populations that feed on canopy insects. Changes in the leaf 
litter and soil chemistry around the bases of trees will have 
consequences for insects and microorganisms in the topsoil 
and the macroinvertebrates that feed upon them directly or 
indirectly. 



These and other ecological effects are occurring to 
varying degrees in the Apalachicola River floodplain, because 
the present forest composition is significantly drier than it 
was in the past. In Hiblh forests, there has been an increase 
in species like water oak and American holly that can tolerate 
some inundation but are also well adapted to upland habitats. 
In Loblh forests, density changes illustrated in figure 14 
indicate that competition between Hiblh and Loblh species is 
increasing and that some Loblh forests will eventually become 
Hiblh forests. In swamps, the density of Loblh and Hiblh 
species has increased significantly (fig. 14), but water tupelo, 
Ogeechee tupelo, bald cypress, popash, and other swamp 
species have declined to such an extent that the overall density 
of canopy trees in swamps is significantly lower than it was in 
1976 (fig. 13).
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The significant decrease in canopy tree density in 
swamps may be the result of greater hydrologic variability 
in recent years. Hydrologic conditions have become 
substantially drier during periods of low and medium flows, 
which occur about 80 percent of the time. River levels 
have remained relatively unchanged, however, during large 
floods 2,830 m3/s (100,000 ft3/s) and greater that still occur 
about three times per decade. The overall effect is that the 
range in hydrologic conditions is greater, which intensifies 
the natural alternating cycles of tree colonization during 
droughts, followed by decimation of tree seedlings and 
saplings during floods. Drier species cannot fully replace 
the declining swamp species, and former swamps may be 
too dry for as many swamp trees to survive as in the past, 
with the result that fewer trees will grow to maturity in 
the lower elevations of the floodplain. A lower density of 
these canopy trees in swamps will result in increased light 
reaching the swamp floor, thereby encouraging a thicker 
growth of herbaceous plants, as already seen at many loca‑
tions in 2004. When ground-cover plants compete with tree 
seedlings for light and available soil moisture, successful 
forest replacement in swamps is further reduced. Similar 
impacts may be occurring to a lesser degree in Loblh 
forests, because declines were reported for both basal area 
and density in Loblh forests (fig. 13), although neither was 
statistically significant. 



The large loss in density in swamps could likely 
lead to future declines in biomass. Large trees are not 
gaining basal area in swamps (fig. 13), and their eventual 
replacements will come from the present small canopy 
and subcanopy, both of which are significantly less dense 
than the 1976 canopy. The ecological effects of declines 
in density or biomass are different than those described 
earlier for changes in species composition. A large decline 
in biomass would ultimately affect all organisms that have 
evolved with life cycles dependent on the normal structure 
of a swamp forest―closely spaced trees with a closed 
canopy and an inundated forest floor under heavy shade. 
A decrease in canopy cover would increase the amount of 
sunlight reaching swamp ground surfaces, causing soils 
to become dehydrated more frequently and leaf litter and 
other debris to decompose more quickly in the aerobic 
environment, thereby reducing the amount of organic mate‑
rial added to floodplain soils or transported downstream 
by floods. The temperature of inundated soils in swamps 
would be elevated by the loss of water and exposure to 
sunlight, further altering the microclimates for soil organ‑
isms on the swamp floor. In addition, the volume of forest 
litter is a function of tree biomass, which has historically 
been higher in swamps than in bottomland hardwood 
forests. The loss of litter from lower densities of swamps 
trees would result in a net loss of substrate for benthic 
organisms in the inundated areas of the floodplain and, 
ultimately, in the downstream receiving waters of the river 
and estuary.



Summary



The effect of water-level declines on floodplain forests 
is an important issue to be considered in resolving conflicts 
about water availability in the Apalachicola-Chattahoochee-
Flint basin. This study was conducted by the U.S. Geological 
Survey (USGS) with the cooperation of the Florida 
Department of Environmental Protection (FDEP) and the 
Northwest Florida Water Management District (NWFWMD) 
to assess changes that have occurred in forests in the nontidal 
floodplain of the Apalachicola River. 



Forest composition and field observations from two 
studies conducted in 1976-1979 (1976 data) and two addi‑
tional studies (1978-1984) were used as baseline data for 
comparison with data from plots sampled in 2004-2006 (2004 
data). Out of the 95 plots sampled in 2004, 71 were replicate 
plots that were located at the same, or as close as possible to, 
the location of 71 of the 181 plots sampled in 1976.



Rules for determining forest types were developed using 
a factor developed in this study named the Floodplain Species 
Category (FSC). FSCs were based on the habitat where tree 
species typically grew on the Apalachicola River floodplain in 
1976. FSC1 species were dominant in swamps; FSC2 species 
were dominant in low bottomland hardwood (Loblh) forests; 
FSC3 species were dominant in high bottomland hardwood 
(Hiblh) forests; and FSC4 species were atypical of bottomland 
hardwoods and grow in upland forests. Forest types deter‑
mined for 1976 forests were used to assign forest types to 
2004 plots.



 A Floodplain Index (FI), calculated from the relative 
dominance of tree species, was developed to quantify species 
composition of forest plots on a scale of relative dryness. 
FI values have a range from 1.000 (pure swamp) to 4.000 
(upland forests). A difference of + 0.500 in the FI was a 
change of 50 percent of the species composition toward the 
next drier forest type. FIs were used to compare the composi‑
tion of canopy trees on replicate plots and to compare tree-size 
classes within plots.



Water levels have declined in the Apalachicola River 
since 1954 as a result of both erosion of the river channel 
locally, and decreased spring and summer flows from the 
upstream watershed. Water-level declines have been most 
severe during drought conditions in April, May, July, and 
August. Water levels have not declined appreciably during 
large floods, which continue to occur as frequently as they did 
prior to 1954.



The inundation history at all plots was estimated based on 
river stages at transects where plots were sampled. Although 
several hydrologic parameters were computed, only one param‑
eter, flood duration in the growing season, was used to analyze 
hydrologic change in the forest, because all parameters were 
calculated from the same river-stage data and were highly corre‑
lated to each other. Flood durations calculated from river stage 
are reasonably accurate for actual conditions in bottomland 
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hardwood forests, but are not reliable for conditions in many 
swamps due to individual site characteristics. Observations at 
the Sweetwater transect in 1976 and 2004 indicated a general 
lowering of ponded water in swamps located there. Flood 
durations were calculated for all plots using five time periods 
associated with 1976 and 2004 tree-size classes. 



Species dominance in forest types based on basal area has 
changed less from 1976 to 2004 than dominance based on tree 
density. Several FSC3 species that were not dominant in 1976 
Loblh forests were dominant species by density in 2004. Water 
oak was a new dominant species by basal area and density in 
2004 Hiblh forests. 



There were 4.3 million (17 percent) fewer canopy trees in 
2004 than in the 1976 nontidal floodplain forest. The greater 
part of this loss was in swamp species (water tupelo, popash, 
Ogeechee tupelo, and bald cypress) which lost an estimated 
3.3 million trees. Large decreases in numbers of trees were 
estimated to be at least 19 percent for water tupelo, 38 percent 
for popash, and 44 percent for Ogeechee tupelo (the species 
valuable to the tupelo honey industry). 



American holly was the most frequently encountered 
species on 2004 forest plots that was not observed in 1976 
data. American holly is a bottomland hardwood tree that is 
generally found growing in the higher elevations of Hiblh 
forests on north Florida floodplains. Silverbell, a tree that 
grows in upland forests, and American snowbell, a small 
wetland tree that was formerly found only in the tidal 
floodplain of the Apalachicola River, were also new species 
in 2004 floodplain forests. 



The density of trees in swamps significantly decreased 
by 37 percent from 1976 to 2004. The loss of canopy cover in 
swamps may be responsible for an increase in ground cover. 
Some swamps that were known to be nearly bare of ground 
cover in 1976 were densely covered with grasses and sedges 
in 2004. When species in each forest type were grouped by 
FSCs, the changes in density from the 1976 canopy to the 2004 
canopy and subcanopy were significantly toward drier forest 
compositions in Loblh forests and swamps.



Growth, tree size, age, mortality, and recruitment for 
species and forest types were calculated from replicate plot 
data from thesis plots. The average growth rate of all species 
was 0.38 cm/yr. Mortality and recruitment rates between 1976 
and 2004 were approximately equal (1.3 percent per year). 
Four species dominant in Hiblh forests had higher recruitment 
rates in Loblh than in Hiblh forests.



Using FIs to represent composition, replicate plots were 
4.4 percent drier in 2004. Swamps were the most affected 
forest type and were 8.8 percent drier in 2004 than in 1976. 



At 21 plots sampled in 1976, the average FI value for 
canopy trees was significantly drier (2.8 percent) than the 
FI value for large canopy trees, indicating that forest composi‑
tion had become drier when sampled in 1976 than the forest 
composition was prior to 1954. On 2004 forest plots, small 
canopy trees averaged 10.5 percent drier and subcanopy trees 
averaged 31.0 percent drier than the canopy trees. Average 



differences between subcanopy trees and canopy trees were 
highly significant for all 2004 plots combined by reach or 
forest type.



Differences in FI values for tree-size classes on the 
Suwannee, Ochlockonee, Aucilla, and St. Marks, and Telogia 
floodplains suggest that forest composition also may be drying 
on other north Florida floodplains, but combined results from 
all five rivers were not statistically significant, and the amount 
of drying was less than that documented on the Apalachicola 
River floodplain. Differences in size classes on the Suwannee 
River plots were most similar to those on the Apalachicola 
River plots, which may indicate lower water levels in the 
Suwannee River.



Changes in flood durations toward the durations of the 
next drier forest type are substantial in all forest types in all 
reaches with every advancing time period. Total changes in 
flood durations were greatest in the upper reach and smallest 
in the lower reach. At sampled plots in all forest types and 
reaches combined, flood durations changed an average of 70.4 
percent toward the flood duration of the next drier forest type. 



Forest composition changes from pre‑1954 to 1976 
were calculated from the difference in FIs between the 1976 
canopy and 1976 large canopy trees, which represented the 
pre‑1954 canopy composition. The change from 1976 to 2004 
was based on the difference between FIs of canopy trees at 
replicated plots, and the potential composition of future forests 
in 2085 – the year in which the median age of surviving 2004 
subcanopy trees will reach the median age (99 years) of the 
2004 large canopy trees – was estimated from the composition 
of 2004 subcanopy trees. 



Floodplain forests are expected to average 38.2 drier in 
species composition by 2085 compared with the pre‑1954 
period. FI differences (45.0 percent) were larger for upper-
reach forests than those for any other reach or all forests 
combined. The shift to drier hydrologic conditions has 
preceded the shift to drier forest compositions, and forest 
composition is expected to be more than 38 percent drier in 
the decades beyond 2085. 



Drier Hiblh forests will support species like water oak 
and American holly that are able to survive flooding but are 
well adapted to upland habitats. The competition between 
Hiblh and Loblh species will increase in drier Loblh forests 
and some will become Hiblh forests. The altered species 
composition in drier floodplain forests will alter the timing 
of leaf-out, fruiting, and leaf-drop, and this change will 
have consequences for mammals, birds, and invertebrates 
in floodplains. In swamps there will be some increase in the 
proportion of Loblh and Hiblh species, but the overall density 
of trees will be much less than it was in 1976. 



The large decrease in canopy tree density in swamps may 
be the result of greater hydrologic variability in recent years. 
Conditions have become substantially drier during periods 
of low and medium flows, which occur about 80 percent of 
the time, but river levels are relatively unchanged during 
large floods. Swamp tree species have declined, but drier 
species cannot dependably survive large floods. The decrease 
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in tree density will result in an increase in light on the forest 
floor, thereby encouraging a thicker growth of ground-cover 
plants which, in turn, will further reduce the success of forest 
replacement.



Lower tree density in swamps could lead to future 
declines in tree and leaf litter biomass. Declines in biomass 
would ultimately affect all organisms that have evolved with 
life cycles that are dependent on the normal structure of the 
swamp forests. A decrease in canopy cover would expose 
the swamp floor to light, thereby increasing evaporation 
from the soil, and speeding up the decomposition of leaf 
litter. The temperature of swamp soils would be higher, 
altering microclimates for soil organisms. The decrease in 
leaf litter would result in a net loss of substrate for benthic 
organisms in the floodplain, and ultimately, in the downstream 
waters of the river and estuary.
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Glossary 



Basal area is the average sum of the cross-sectional areas of 
tree trunks for plots or species in a forest type. Cross-sectional 
area is calculated from diameter at breast height (dbh), in 
centimeters, using the formula, area = πr2, where π = 3.1416 
and r = dbh/2. (See relative basal area.) 



Bottomland hardwoods are forests on levees, flats, and 
slopes of floodplains that are flooded continuously for several 
weeks or longer every 1-2 years and contain species adapted 
to periodic inundation and saturation. 



Low bottomland hardwood (Loblh) forests grow on low 
flats and in transition areas between swamps and high flats or 
levees where continuous flooding averages 2 to 4 months per 
year. Loblh is a forest type, defined in this report as having 
dominance (as determined by relative basal area) of FSC1 and 
FSC2 species > dominance of FSC3 and FSC4 species and 
dominance of FSC1 species < 50%.



High bottomland hardwood (Hiblh) forests grow on the 
higher elevations of the floodplain (levees and ridges) that are 
usually inundated for 2 to 6 weeks each year. Hiblh is a forest 
type, defined in this report as having dominance (as deter‑
mined by relative basal area) of FSC3 and FSC4 species 
> dominance of FSC1 and FSC2 species and dominance of 
FSC4 species < 50%.



Cruise transects are floodplain sites where forest composition 
data was gathered by Leitman and others (1984) using cruise-
sampling methods that were originally developed to enable 
timber cruisers to rapidly assess the overall condition of large 
forest stands by sampling at many points (Kulow, 1965; Avery, 
1967). (See intensive plots.) 



Density is the number of individual trees per unit of sampling 
area and in this report is expressed in trees per hectare. (See 
relative density.)



Diameter at breast height (dbh) is the diameter of a tree 
trunk measured at about 1.4 meter above ground level. 
The dbh of trees with swollen bases were measured for 
diameter above the swelling.



Floodplain is the land covered by water from the river during 
a typical annual flood.





http://pubs.usgs.gov/sir/2006/5173/
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Floodplain Index (FI) is the sum of the products of the 
relative basal area of species (or relative density) and their 
Floodplain Species Categories. FIs were developed in this 
study to classify forest data on a scale of relative dryness from 
pure swamp (1.000) to pure upland (4.000).



Floodplain Species Categories (FSC) are categories devel‑
oped in this study and assigned to tree species to indicate the 
typical habitat where the species grew on the Apalachicola 
River floodplain during 1976-1979. FSC1 species were more 
dominant in swamps; FSC2 species, in low bottomland 
hardwoods; FSC3 species, in high bottomland hardwoods; 
and FSC4 species were atypical in bottomland hardwoods and 
occur in upland habitats outside the floodplain. 



Gage refers to a long-term streamflow gaging station where a 
time-series of stage measurements (elevation of river surface) 
have been recorded, and measurements of instantaneous 
streamflow discharge may have been made. 



Geographic Information system (GIS) is a collection of 
computer software and data files designed to store, analyze, 
and display geographically referenced information.



1976 forest data refers to data collected from 1976 to 1979 in 
two studies conducted on the Apalachicola River floodplain.



2004 forest data refers to data collected during the current 
study from 2004 to 2006 in the Apalachicola River floodplain. 



Intensive plots are floodplain sites where forests were 
sampled using standard plot-sampling methods to quantify 
forest composition in more detail than is possible using cruise-
sampling methods. (See cruise transects.) 



Reach refers to a length-subdivision of the Apalachicola River 
(figure 2). 



Relative basal area (rba) is the percentage of dominance of 
a species in a forest type or sampling area based on basal area. 
It is calculated by dividing the total basal area of that species 
by the total basal area of all species in that forest type or 
sampling plot. (See basal area.)



Relative density (rd) is the percentage dominance of a 
species in a forest type or sampling area based on density. It is 
calculated by dividing the total density of that species by the 
total density of all species in that forest type or sampling plot. 
(See density.)



Replicate plot is a plot sampled in 1976 that was resampled in 
2004 by locating the 2004 plot on the exact site, as nearly as 
possible, as the 1976 site location. 



River mile (rm) refers to a reference frame based on distances 
along the river channel. In this report, river mile values are 
those depicted on the most recent USGS quadrangle maps that 
were available in 2005. River mile distances are similar to, 
but not exactly the same as, the most recent navigation mile 
system used by USACE. Slight differences in distance refer‑
ence frames are to be expected, because the river moves and 
changes length through time in response to various processes, 
both natural and anthropogenic.



 Swamps are forests in the lowest elevations of the flood‑
plain that are either inundated or saturated most of the time. 
Swamps contain tree species that have special adaptations for 
survival in anoxic soils. Swamp is also a forest type, defined 
in this report as having dominance (as determined by relative 
basal area) of FSC1 species ≥ 50 percent.



Tree-size classes are trees grouped by diameter at breast 
height (dbh). Trees in this study have been grouped by their 
dbh into two principal groups: 



Canopy trees are all trees with dbh ≥ 7.5 cm.
The upper reach begins just below Jim Woodruff 
Dam at rm 106.4 and extends about 47 km down‑
stream to a streamflow gaging station located near 
Blountstown at rm 77.5. 



The middle reach is the longest reach, about 58 km 
long, ending at a gage near Wewahitchka at rm 41.8. 



The nontidal lower reach is the shortest reach, 
about 34 km long, and ends at a gage near Sumatra 
at rm 20.6. The tidal reach of the river is not 
discussed in this report.



Subcanopy trees are trees with dbh < 7.5 and  
≥ 2.5 cm.



The canopy size class is further subdivided into two  
size classes:



Large canopy trees are trees with dbh ≥ 25 cm.



Small canopy trees are trees with dbh < 25 and 
≥ 7.5 cm.



Water-level decline (or river level decline) is a term refer‑
ring to changing conditions when periods of low water 
levels become more frequent and longer in duration. Such 
declines may result from some type of channel change, which 
usually occurs over a period of years. Another type of water-
level decline refers to a long-term decrease in the amount of 
water delivered from the upstream watershed. 
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Appendix 1. List of common and scientific names and Floodplain Species Categories for 
selected tree species in forests of the nontidal Apalachicola River floodplain, Florida.
[All tree species sampled in the 1976 and 2004 data sets are listed. At least ten additional species not 
included in this list occur on the Apalachicola River floodplain. Plant nomenclature follows Godfrey 
(1988) unless otherwise indicated. Floodplain Species Categories are based on the typical forest 
association for the species in 1976 data. Atypical blh-upl, uncommon in bottomland hardwoods of 
the 1976 floodplain and occurring in upland habitats outside the floodplain; Hiblh, high bottomland 
hardwoods; Loblh, low bottomland hardwoods]



Common name Scientific name
Floodplain species category



Numeric value Category explanation



American elm Ulmus americana 2 Loblh
American holly Ilex opaca 3 Hiblh
American snowbell Styrax americanum 2 Loblh
bald cypress Taxodium distichum 1 swamp
bitternut hickory Carya cordiformis 3 Hiblh
black tupelo Nyssa sylvatica 4 Atypical blh-upl
black walnut Juglans nigra 4 Atypical blh-upl
black willow Salix nigra 1 swamp
box elder Acer negundo 3 Hiblh
buckthorn bumelia Bumelia lycioides 3 Hiblh
buttonbush Cephalanthus occidentalis 1 swamp
cherry laurel Prunus caroliniana 4 Atypical blh-upl
cherrybark oak Quercus pagoda 3 Hiblh
chinaberry Melia azedarach 4 Atypical blh-upl
Chinese tallow tree Sapium sebiferum 3 Hiblh
elderberry Sambucus canadensis 3 Hiblh
green ash Fraxinus pennsylvanica 2 Loblh
green haw Crataegus viridis 2 Loblh
hackberry Celtis laevigata 3 Hiblh
hazel alder Alnus serrulata 2 Loblh
ironwood Carpinus caroliniana 3 Hiblh
laurel oak Quercus hemispherica 4 Atypical blh-upl
loblolly pine Pinus taeda 4 Atypical blh-upl
mockernut hickory Carya tomentosa 4 Atypical blh-upl
Ogeeche tupelo Nyssa ogeche 1 swamp
overcup oak Quercus lyrata 2 Loblh
persimmon Diospyros virginiana 3 Hiblh
pignut hickory Carya glabra 4 Atypical blh-upl
planer tree Planera aquatica 1 swamp
popash Fraxinus caroliniana 1 swamp
possum haw Ilex decidua 3 Hiblh
red maple Acer rubrum 2 Loblh blh
red mulberry Morus rubra 3 Hiblh
river birch Betula nigra 2 Loblh
sarvis holly Ilex amelanchier 1 swamp
silverbell Halesia diptera 4 Atypical blh-upl
slippery elm Ulmus rubra 4 Atypical blh-upl
southern magnolia Magnolia grandiflora 4 Atypical blh-upl
spruce pine Pinus glabra 3 Hiblh
stiffcornel dogwood Cornus foemina 2 Loblh
swamp chestnut oak Quercus michauxii 3 Hiblh
swamp cottonwood Populus heterophylla 1 swamp
swamp laurel oak Quercus laurifolia 2 Loblh
swamp privet Forestiera acuminata 2 Loblh
swamp laurel oak Quercus laurifolia 2 Loblh
swamp privet Forestiera acuminata 2 Loblh
swamp tupelo Nyssa biflora a 1 swamp
sweetbay Magnolia virginiana 3 Hiblh
sweetgum Liquidambar styraciflua 3 Hiblh
sycamore Platanus occidentalis 3 Hiblh
water hickory Carya aquatica 2 Loblh
water locust Gleditsia aquatica 2 Loblh
water oak Quercus nigra 3 Hiblh
water tupelo Nyssa aquatica 1 swamp
white titi Cyrilla racemiflora 3 Hiblh
winged elm Ulmus alata 4 Atypical blh-upl
winterberry Ilex verticillata 2 Loblh



a Clewell (1985).
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Appendix 2. Weighting factors for forest composition on the Apalachicola River floodplain, Florida.



[Areas were derived from a digitized and edited GIS version of a floodplain map created by Leitman (1984), in which Hiblh and 
Loblh forest types were not separately delineated. The areas of Hiblh and Loblh in the upper and lower reaches were calculated using 
ratios based on the redetermined 1976 forest types of plots on cruise transects (Leitman and others, 1984). In the lower reach, the ratio 
was based on 1976 forest types assigned to plots on the Eichholz transects in the current study. ha, hectares; Hiblh, high bottomland 
hardwoods; Loblh; low bottomland hardwoods]



Reach
Area of Forest Type, in ha Weighting Factors for Forest Types in each  



Reach, in percent a



Hiblh Loblh Swamp Total Hiblh Loblh Swamp



       Upper 3,710 1,370 1,612 6,691 42.3 9.2 17.0



       Middle 4,040 8,080 1,880 14,001 46.1 54.3 19.8



       Lower 1,020 5,430 6,010 12,455 11.6 36.5 63.2



                  Total 8,770 14,880 9,502 33,147      



a The weighting factors used for 1976 Hiblh data were 42.3 percent for the upper reach and 57.7 percent for the middle reach, 
because there was no data on Hiblh forests in the lower reach, and lower reach Hiblh forests were more similar in species composi-
tion to Hiblh in the middle reach than to those in the upper reach.





David


Highlight





David


Highlight





David


Sticky Note


upper reach swamps are perched and get drainage from seepage from steep bluffs see fig 11











Appendixes    61



Appendix 3.  Extrapolated ages of canopy trees in 2004 at the thesis transects in the Apalachicola 
River floodplain, Florida.



[Ages of individual trees were extrapolated from the average growth rates for the species and the diameter at breast 
height. Species are listed in order by increasing average age. Ages were limited to a maximum of 360 years, the 
calculated age of the largest tree on the thesis transects. Growth rate descriptions are from table 4. Scientific names 
of species are listed in appendix 1]



Species Sample  
size



General description  
of growth rate



Maximum  
age, in years



Minimum  
age, in years



Average  
age, in years



swamp laurel oak 61 fast 138 18 53



sycamore 7 fast 112 18 63



Ogeechee tupelo 42 average 182 26 65



overcup oak 54 above average 205 23 66



water locust 12 average 130 32 68



winged elm 9 below average 101 47 69



water hickory 58 above average 167 21 71



water tupelo 25 fast 137 30 75



red maple 25 below average 153 35 76



green ash 42 fast 162 23 77



ironwood 48 below average 170 42 77



sweetgum 79 above average 191 23 81



American elm 21 average 166 31 86



hackberry 62 below average 202 33 91



popash 16 slow    151 47 95



planer tree 44 slow 173 57 95



bald cypress 26 above average 360 26 108



river birch 2 above average 150 80 115



box elder 8 slow 234 61 135



green haw 21 slow 265 124 170



possum haw 35 slow 360 205 270



persimmon 4 slow 360 263 331



Total 701        



Maximum age -------------------------------------------------------- 360    



Minimum age ------------------------------------------------------------------------------- 18  



Average age ------------------------------------------------------------------------------------------------------ 92
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Appendix 4.   Number of days of missing record, years during which missing records occurred, and methods of estimating missing 
records from October 1, 1922, to December 31, 2004, at five streamflow gaging stations in the Apalachicola River, Florida.



[All stage-discharge relations referred to in this appendix, except those at the Chattahoochee gage, are nonstandard relations in which stage 
at a downstream gage was related to discharge at the upstream-most gage at Chattahoochee. The stage-discharge relations and associated 
error statistics for these relations are reported in appendixes I-V and table 5 in Light and others (2006).  Most of these relations required some 
modification at the low end [below 283 m3/s (10,000 ft3/s)] to extend the relations down to flows lower than 142 m3/s (5,000 ft3/s), which was 
necessary for the estimation methods described in this appendix. rm, river mile]



Short names for streamflow gaging stations:



Chattahoochee gage – Apalachicola River at Chattahoochee (02358000) at rm 105.7•	



Blountstown gage – Apalachicola River near Blountstown (02358700) at rm 77.5•	



Wewahitchka gage – Apalachicola River near Wewahitchka (02358754) at rm 41.8•	



RM 36 gage – Apalachicola River at River Mile 36 (023587547) at rm 36.0 •	
Note: Stage records were not reconstructed for the RM 36 gage, although data from that gage were used when 
available to reconstruct stage data at nearby gages.



RM 35 gage – Apalachicola River at River Mile 35 (023587549) at rm 35.3•	



Sumatra gage – Apalachicola River near Sumatra (02359170) at rm 20.6•	



Definition of terms:



Pre-dam relation – pre-dam (pre-1954) stage-discharge relation for the indicated gage modified from •	
appendixes I-V in Light and others (2006).



Recent relation – recent (1995-2004) stage-discharge relation for the indicated gage modified from appendixes •	
I-V in Light and others (2006).



Intervening period – the period during which channel conditions were intermediate between pre-dam and •	
recent conditions (varies with each gage). 



Blount-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the Blountstown gage.•	



Wewa-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the Wewahitchka gage.•	



RM 36-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the RM 36 gage.•	



RM 35-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the RM 35 gage.•	



Suma-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the Sumatra gage.•	



Discharge at Chattahoochee gage 



2,192 total days of missing record, all in 1923-28  
Stage at the Chattahoochee gage was converted to discharge using the pre-dam stage-discharge relation at 
Chattahoochee.   



Stage at Chattahoochee gage 



159 total days of missing record: 75 days in 1923-25, and 84 days in 1994-2004 
Fortunately, stage data was available at the Blountstown gage for all days of missing stage record at the 
Chattahoochee gage. For missing record in the 1923-25 period, Blountstown stage (1 day later) was converted 
to Blount-ChattQ using the pre-dam relation at Blountstown. For missing record during the 1994-2004 period,  
Blountstown stage (1 day later) was converted to Blount-ChattQ using the recent relation at Blountstown. The 
resulting Blount-ChattQ values were then converted to Chattahoochee daily mean stage using either the pre-dam 
or recent relation at the Chattahoochee gage, as appropriate.
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Stage at Blountstown gage 



716 total days of missing record: 75 days in 1925-28, 46 days in 1956, 38 days in 1963-65, and 557 days in 1981-95 
Pre-dam period: Chattahoochee discharge (1 day earlier) was converted to Blountstown stage using the pre-



dam relation at Blountstown. 
Intervening period (1954-72): For missing record in 1956, linear interpolation (based on river miles) was 



used between Chattahoochee discharge (1-day earlier) and Wewa-ChattQ (1 day later). The resulting 
discharge was converted to two Blountstown stage values using the pre-dam and recent relations, and the 
final Blountstown stage was estimated between those two stages based on the date elapsed since May 1, 
1954 (the end of the pre-dam period) and proportions developed from the general timing of stage declines 
at 283 m3/s (10,000 ft3/s) as depicted in figure 5 in Light and others (2006). A similar method was used 
for estimating stage values for missing record in 1963-65, except that calculations were based only on 
Chattahoochee discharge (1 day earlier) because Wewahitchka data was not available.



Recent period: Figure 5 in Light and others (2006) indicates that conditions at the Blountstown gage were 
similar to recent conditions as far back as 1972. Thus the recent relation was used to estimate stages at 
the Blountstown gage throughout the 1972-2004 period. Missing stage records in 1981-95 were estimated 
using Chattahoochee discharge (1 day earlier) converted to Blountstown stage using the recent relation at 
Blountstown. (Wewahitchka data was not available for any of those days.)



Stage at Wewahitchka gage 



19,080 total days of missing record: 12,053 days (all days) prior to October 18, 1955; 49 days in 1956-57; 5,759 
days in 1957-94; and 1,219 days in 1995-2004



Pre-dam period: Conditions were considered similar to pre-dam for all dates up through 1957 at the 
Wewahitchka gage (Light and others, 2004). For estimated record during 1922-57, Blount-ChattQ (1 day 
earlier) was converted to Wewahitchka stage using the pre-dam relation at Wewahitchka, except on dates 
when stage data was available at the Sumatra gage. When Sumatra data was available, linear interpolation 
(based on river miles) between Blount-ChattQ (1 day earlier) and Suma-ChattQ (1 day later) was used to 
estimate Wewa-ChattQ, which was then converted to Wewahitchka stage using the pre-dam relation at the 
Wewahitchka gage.



Intervening period (1958-94): When Sumatra data was available, linear interpolation between Blount-
ChattQ (1 day earlier) and Suma-ChattQ (1 day later) was used to estimate Wewa-ChattQ, which was then 
converted into two Wewahitchka stage values using the pre-dam and recent relations at the Wewahitchka 
gage. The final Wewahitchka stage was estimated between those two stages based on the date elapsed since 
October 1, 1957 (the end of the pre-dam period for Wewahitchka) and proportions developed from the 
general timing of stage changes at 283 m3/s (10,000 ft3/s) as depicted in figure 5 in Light and others (2006). 
In some cases, calculations were based only on Blount-ChattQ (1 day earlier) because Sumatra data was not 
available. In 1992-94, calculations were based directly on RM 36-ChattQ (same day) when it was available, 
because it is much closer to the Wewahitchka gage than either Blountstown or Sumatra. 



Recent period: Missing records in 1995-2004 were estimated using RM 35-ChattQ or RM 36-ChattQ (same 
day), which was converted to Wewahitchka stage using the recent stage-discharge relation. When RM 35 or 
36 data was not available, calculations used either linear interpolation between Blount-ChattQ and Suma-
ChattQ, or if Sumatra was not available, Blount-ChattQ alone.



Stage at RM 35 gage 



26,346 total days of missing record: 25,202 days (all days) prior to October 1, 1991; and 1,144 days in 1992-2004



Pre-dam period: All dates up through 1957 were considered pre-dam at the RM 35 gage (same as at 
Wewahitchka). For missing record during 1922-57, Blount-ChattQ (1 day earlier) was converted to RM 
35 stage using the pre-dam relation at RM 35, except on dates when stage data was available at either the 
Wewahitchka or Sumatra gages. Wewa-ChattQ was used directly when Wewahitchka data was available, 
and when Sumatra data was available (but not Wewahitchka), the calculation was based on linear 
interpolation between Blount-ChattQ (1 day earlier) and Suma-ChattQ (1 day later).
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Intervening period (1958-80): Firstly, RM35-ChattQ was estimated using one of three methods: 1) When 
Wewahitchka stage data was available, Wewa-ChattQ (same-day) was used directly. 2) When Sumatra 
data was available (but not Wewahitchka), linear interpolation between Blount-ChattQ (1 day earlier) and 
Suma-ChattQ (1 day later) was used. 3) When the only data available was at Blountstown, Blount-ChattQ 
(1 day earlier) was used directly. In the next step, the resulting RM 35-ChattQ was converted into two RM 
35 stages using the pre-dam and recent relations at the RM 35 gage. Lastly, the final RM 35 stage was 
estimated between those two stages based on the date elapsed since October 1, 1957, (the end of the pre-
dam period for RM 35) and proportions developed from a straight-line decline of stages at 283 m3/s (10,000 
ft3/s) from pre-dam conditions to the recent condition beginning in October 1, 1980. 



Recent period: Records at the RM 35 and 36 gages were not available prior to 1992, however, stage-discharge 
relations from the USACE (2001) indicated that conditions similar to those in the recent period extended 
as far back as 1981. Missing record from 1981-2004 were estimated using Wewa-ChattQ (same day) which 
was converted to RM 35 stage using the recent relation at the RM 35 gage. When Wewahitchka data was 
not available, linear interpolation between Blount-ChattQ (1 day earlier) and Suma-ChattQ (1 day later) 
was used, or Blount-ChattQ only when Sumatra data was not available. 



Stage at Sumatra gage



17,277 total days of missing record: 10,084 days (all days) prior to May 11, 1950; 283 days in 1951-56; 6,545 days 
(all days) from October 1, 1959 to August 31, 1977; and 365 days from 1982-2003. 



There was little difference in pre-dam and recent channel conditions at the Sumatra gage, so the stage-discharge 
relation at Sumatra covers the entire period of record. This “period-of-record” relation was used to convert 
Blount-ChattQ (2 days earlier) to Sumatra stage, except on dates when stage data was available at either the 
Wewahitchka, RM 36, or RM 35 gages. In that case, the associated Chattahoochee discharge (Wewa-ChattQ, 
RM 36-ChattQ, or RM 35-ChattQ; 1 day earlier) for the gage that was closest to Sumatra was used to calculate 
Sumatra stage. 
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Appendix 5.   Methods used to estimate stage records from October 1, 1922, to December 31, 2004, in the Apalachicola River, Florida, at 
12 forest transect locations.



[Stage-discharge relations referred to in this appendix are nonstandard relations in which stage at the indicated transect was related to discharge at the upstream-
most gage at Chattahoochee. The stage-discharge relations for these relations are reported in digital files on the CD in the map pocket of Light and others (2006).  
These relations required some modification at the low end (below 283 m3/s (10,000 ft3/s)) to extend the relations down to flows lower than 142 m3/s (5,000 ft3/s), 
which was necessary for the estimation methods described in this appendix. rm, river mile; km, kilometer]



Definition of terms:



Type 1 interpolation -- Linear interpolation (based on river miles) between closest upstream gage (same day) •	
and closest downstream gage (1 day later).



Type 2 interpolation -- Linear interpolation (based on river miles) between closest upstream gage (1 day •	
earlier) and closest downstream gage (same day).



Type 3 interpolation -- Linear interpolation (based on river miles) between closest upstream gage (same day) •	
and closest downstream gage (same day).



Blount-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the Blountstown gage.•	



BLT-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the BLT transect.•	



MR-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the MR transect.•	



PL-ChattQ – Discharge at the Chattahoochee gage associated with a given stage at the PL transect.•	



Wewa-ChattQ -- Discharge at the Chattahoochee gage associated with a given stage at the Wewahitchka gage.•	



Pre-dam relation – pre-dam (pre-1954) stage-discharge relation for the indicated transect modified from Light •	
and others (2006).



Recent relation -- recent (1995-2004) stage-discharge relation for the indicated transect modified from Light •	
and others (2006).



Intervening period -- the period during which channel conditions were intermediate between pre-dam and •	
recent conditions. 



CH transect (rm 104.8) stage was estimated using Type 1 interpolation between stage at the Chattahoochee and 
Blountstown gages.  



TO transect (rm 93.2) stage was estimated using Type 1 interpolation between stage at the Chattahoochee and 
Blountstown gages.  



SE transect (rm 85.8) stage was estimated using Type 2 interpolation between stage at the Chattahoochee and 
Blountstown gages.  



BLT transect (rm 78.9) stage was estimated using Type 2 interpolation between stage at the Chattahoochee and 
Blountstown gages, except during the recent period (1995-2004) during which Type 2 interpolation between 
Chattahoochee discharge and Blount-ChattQ was used to estimate BLT-ChattQ, which was then converted into BLT 
stage using the recent relation for rm 78.9. 



OR transect (rm 72.4) stage was estimated using Type 1 interpolation between stage at the Blountstown and 
Wewahitchka gages. 



MR transect (rm 60.9) stages could not be estimated directly from linear interpolation between Blountstown and 
Wewahitchka stages because water-surface profiles in figure 9 of Light and others (2006) indicates that water 
surfaces at MR differ from those that would be expected with linear interpolation. Thus, MR stages were estimated 
as follows: 



MR-ChattQ was estimated by averaging Type 1 and Type 2 interpolations between Blount-ChattQ and Wewa-•	
ChattQ (because MR is approximately half way between the Blountstown and Wewahitchka gages).  



Timing of the pre-dam, intervening, and recent periods was estimated based on two assumptions: Stage •	
decline at MR was assumed to begin about the same time as at the Wewahitchka gage (which was several 
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years later than it began at Blountstown and Chattahoochee) because MR is downstream of rm 66 (the 
probable downstream limit of the influence of the dam). It was also assumed that stages at MR did not decline 
below recent levels as they did at the Wewahitchka gage after 1971, thus recent conditions at MR were 
assumed from December 1971 through 2004.



Prior to October 1, 1957, MR-ChattQ was converted to MR stage using the pre-dam relation for rm 60.9.  •	
After December 18, 1971, MR-ChattQ was converted to MR stage using the recent relation for rm 60.9.  In 
the intervening period, MR-ChattQ was converted to two stages (pre-dam and recent) and the final MR stage 
was estimated between those two stages based on the date elapsed since October 1, 1957, and proportions 
developed from a straight-line decline of stages at 283 m3/s (10,000 ft3/s) from pre-dam conditions ending 
October 1957 to the recent conditions beginning in December 1971.  



PL transect (rm 48.8) stage could not be estimated directly from linear interpolation (for the same reason as for 
MR stage) and, therefore, was estimated as follows: 



PL-ChattQ was estimated using Type 2 interpolation between Blount-ChattQ and Wewa-ChattQ. •	



Timing of the pre-dam, intervening, and recent periods was assumed to be the same as at MR transect (for the •	
same reasons).



Prior to October 1, 1957, PL-ChattQ was converted to PL stage using the pre-dam relation for rm 48.8.  •	
After December 18, 1971, PL-ChattQ was converted to PL stage using the recent relation for rm 48.8.  In 
the intervening period, PL-ChattQ was converted to two stages (pre-dam and recent) and the final PL stage 
was estimated between those two stages based on the date elapsed since October 1, 1957, and proportions 
developed from a straight-line decline of stages at 283 m3/s (10,000 ft3/s) from pre-dam conditions ending 
October 1957 to the recent conditions beginning in December 1971.  



WEW transect (rm 41.9) stage was estimated using Type 2 interpolation between stage at the Blountstown and 
Wewahitchka gages.  



EA transect (rm 41.2) stage was estimated using Type 3 interpolation between stage at the Wewahitchka and RM 35 
gages.  



EB transect (rm 40.5) stage was estimated using Type 3 interpolation between stage at the Wewahitchka and RM 35 
gages.  



EC transect (rm 35.0) stage was estimated using Type 1 interpolation between stage at the RM 35 and Sumatra 
gages.  



BR transect (rm 19.8) is located 1.3 km downstream of the Sumatra gage, and there are no other gages downstream 
of Sumatra. Water-surface slope in the 1.3 km from rm 20.6 (Sumatra gage) downstream to rm 19.8 (BR transect) 
was assumed to be the same slope as in the 1.3 km immediately upstream of Sumatra gage (from rm 21.4 to 20.6). 
Using this assumption, BR stage was estimated as follows:



Stage at rm 21.4 was estimated using Type 2 interpolation between stage at the RM 35 and Sumatra gages. •	



Sumatra stage was subtracted from the stage at rm 21.4, and the resulting difference was then subtracted from •	
Sumatra stage to yield the estimated stage at BR transect.
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Appendix 6.  Relative basal area of tree species in forests of the Apalachicola River floodplain, Florida.



[Relative basal area (rba) was weighted by the percent of area of each forest type in each reach. The sum of the rba of the 
most dominant species (in bold) is greater than 50 percent. Species are sorted by dominance in the combined 1976 data. 
Scientific names of species are listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; m2/ha, 
square meters per hectare; na, not applicable]



Species
Floodplain  



species  
category



Relative basal area, in percent



1976 data



2004 dataARQA cruise-
transect  data



Thesis and ARQA 
intensive-plot data



Combined  
1976 data



A. High bottomland hardwoods
sweetgum 3 29.1 50.3 34.5 32.1
hackberry 3 17.5 9.8 15.6 12.5
ironwood 3 10.6 1.6 8.4 4.3
water oak 3 10.4 0.8 8.0 11.2
green ash 2 4.9 12.3 7.2 4.5
swamp laurel oak 2 3.7 3.5 3.8 3.4
American elm 2 3.8 1.7 3.6 6.9
possum haw 3 2.9 1.7 3.0 0.6
swamp chestnut oak 3 2.9   2.7 1.1
water hickory 2 2.0 6.8 2.6 4.9
sycamore 3 2.6 4.4 2.4 2.3
box elder 3 1.8 1.7 2.0 2.5
swamp privet 2 1.2 0.2 1.2  
overcup oak 2 0.9 1.4 1.1 1.3
red maple 2 0.7 1.3 0.8 0.7
red mulberry 3 0.9 0.3 0.5 0.3
Chinaberry 4 0.5 1.1 0.5 0.7
winged elm 4 0.7 0.2 0.4 2.0
pagoda oak 3 0.6   0.3  
green haw 2 0.4 0.3 0.2 0.1
swamp tupelo 1 0.4   0.2 1.7
spruce pine 3 0.4   0.2  
bald cypress 1 0.3   0.1  
black tupelo 4 0.3   0.1  
slippery elm 4 0.3   0.1 0.3
buckthorn bumelia 3 0.2   0.1 0.1
loblolly pine 4 0.2   0.1  
persimmon 3   0.3 0.1 0.8
river birch 2   0.2 0.05 0.8
black walnut 4   0.1 0.02  
American holly 3       2.4
bitternut hickory 3       1.6
Southern magnolia 4       0.3
silverbell 4       0.3
planer tree 1       0.1
Ogeechee tupelo 1       0.1
Chinese tallow tree 3       0.03
cherry laurel 4       0.02
popash 1       0.02



Total 100.0 100.0 100.0 100.0



Average total basal area, in m2/ha 26.4 28.1 27.0 28.5
Number of canopy trees sampled 352 283 635 671



Total area sampled, in ha na 0.49 na 1.22



Number of species 27 21 30 30
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Species
Floodplain  



species  
category



Relative basal area, in percent



1976 data



2004 dataARQA cruise-
transect  data



Thesis and ARQA 
intensive-plot data



Combined  
1976 data



B. Low bottomland hardwoods
water hickory 2 9.9 27.5 18.3 19.1
overcup oak 2 19.1 9.0 14.3 11.5
swamp laurel oak 2 6.5 16.5 11.2 11.3
green ash 2 10.0 11.9 10.9 9.3
American elm 2 11.0 3.4 7.4 7.2
river birch 2 9.4 3.6 6.6 4.6
Ogeechee tupelo 1 8.1 3.3 5.8 5.6
sweetgum 3 6.3 3.3 4.9 6.9
hackberry 3 3.2 4.2 3.7 4.6
water tupelo 1 4.3 1.2 2.8 4.5
ironwood 3 2.5 2.7 2.6 1.7
red maple 2 2.5 1.2 1.9 2.7
bald cypress 1 0.9 2.3 1.5 3.0
water oak 3 1.1 1.6 1.3 0.3
black willow 1   2.4 1.1  
popash 1 1.4 0.9 1.1 0.7
planer tree 1 0.5 1.8 1.1 1.0
water locust 2 0.3 1.1 0.7 1.9
possum haw 3 0.1 0.9 0.5 0.9
sycamore 3 0.5 0.4 0.4 0.9
green haw 2 0.4 0.3 0.4 0.1
box elder 3 0.4 0.1 0.3 0.6
laurel oak 4 0.1 0.5 0.3  
swamp cottonwood 1 0.5   0.3 0.8
swamp chestnut oak 3 0.3   0.2  
swamp privet 2 0.2 0.1 0.1 0.1
persimmon 3 0.1 0.03 0.1 0.3
swamp tupelo 1 0.1   0.1  
black tupelo 4 0.1   0.05  
buttonbush 1   0.001 0.001 0.3
sweetbay 3       0.1
red mulberry 3       0.1
stiffcornel dogwood 2       0.03



Total 100.0 100.0 100.0 100.0
Average total basal area, in m2/ha 30.2 27.4 28.8 30.0
Number of canopy trees sampled 409 602 1,011 1,319



Total area sampled, in ha na 1.31 na 2.55
Number of species 28 26 30 28



Appendix 6.  (Continued) Relative basal area of tree species in forests of the Apalachicola River floodplain, 
Florida.



[Relative basal area (rba) was weighted by the percent of area of each forest type in each reach. The sum of the rba of the most 
dominant species (in bold) is greater than 50 percent. Species are sorted by dominance in the combined 1976 data. Scientific 
names of species are listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; m2/ha, square meters 
per hectare; na, not applicable]
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Species
Floodplain  



species  
category



Relative basal area, in percent



1976 data



2004 dataARQA cruise-
transect  data



Thesis and ARQA 
intensive-plot data



Combined  
1976 data



C. Swamp



water tupelo 1 46.3 52.7 49.8 48.3
bald cypress 1 22.0 14.4 17.9 18.9
Ogeechee tupelo 1 14.8 17.1 16.1 16.1
popash 1 9.5 7.4 8.3 4.1
planer tree 1 3.0 2.8 2.9 2.4
swamp tupelo 1 1.3 1.8 1.5 1.0
overcup oak 2 1.0 1.0 1.0 2.8
swamp cottonwood 1 0.2 0.9 0.6 0.6
American elm 2 0.5 0.2 0.4 0.3
red maple 2 0.2 0.4 0.3 1.1
water hickory 2 0.4 0.2 0.3 1.0
green ash 2   0.4 0.2 0.8
river birch 2 0.01 0.3 0.2 0.6
swamp laurel oak 2 0.4   0.2 1.1
sycamore 3 0.04 0.2 0.1 0.04
black willow 1 0.2   0.1  
hackberry 3 0.04 0.1 0.1 0.1
water locust 2 0.04 0.1 0.1 0.6
swamp privet 2 0.04 0.04 0.04 0.01
buttonbush 1 0.04 0.005 0.02 0.02
slippery elm 4 0.04   0.02  
green haw 2   0.01 0.01 0.01
white titi 3   0.01 0.004  
winged elm 4   0.004 0.002  
sweetgum 3       0.10
possum haw 3       0.03
persimmon 3       0.01
ironwood 3       0.01
hazel alder 2       0.004
box elder 3       0.001



Total 100.0 100.0 100.0 100.0



Average total basal area, in m2/ha 54.7 65.0 59.8 52.6
Number of canopy trees sampled 640 544 1,184 1,582



Total area sampled, in ha na 0.72 na 2.45
Number of species 20 21 24 26



Appendix 6.  (Continued) Relative basal area of tree species in forests of the Apalachicola River floodplain, 
Florida.



[Relative basal area (rba) was weighted by the percent of area of each forest type in each reach. The sum of the rba of the most 
dominant species (in bold) is greater than 50 percent. Species are sorted by dominance in the combined 1976 data. Scientific 
names of species are listed in appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; m2/ha, square meters 
per hectare; na, not applicable]
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Appendix 7.  Relative density of tree species in forests of the Apalachicola River floodplain, Florida.



[Relative density (rd) was weighted by the percent of area of each forest type in each reach. The sum of the rd of the most dominant species 
(in bold) is greater than 50 percent. Species are sorted by dominance in the combined 1976 data. Scientific names of species are listed in 
appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, not applicable, trees/ha, trees per hectare]



Species
Floodplain  



species  
category



Relative density, in percent



Canopy tress Subcanopy trees



1976 data



2004 data 2004 dataARQA cruise-
transect  data



Thesis and  
ARQA intensive-



plot data



Combined  
1976 data



A. High bottomland hardwoods



ironwood 3 25.6 6.1 22.4 12.2 7.4
sweetgum 3 17.5 36.4 20.2 19.8 4.9
possum haw 3 15.2 9.4 15.6 4.3 29.4
hackberry 3 11.3 7.6 10.5 13.1 19.2
swamp privet 2 6.0 0.9 6.0    
box elder 3 3.4 5.3 3.9 8.5 5.0
swamp laurel oak 2 3.2 3.4 3.5 2.0 1.4
water oak 3 3.8 2.8 3.4 8.9 6.2
green ash 2 1.3 8.0 2.6 2.0 1.1
overcup oak 2 2.3 1.1 2.4 0.8 2.1
American elm 2 1.3 1.4 1.3 3.2 0.7
Chinaberry 4 0.8 5.4 1.3 1.6 0.7
water hickory 2 1.0 3.8 1.3 2.1 1.1
sycamore 3 1.7 2.2 1.3 1.6  
red maple 2 1.4 0.9 1.2 0.8 0.9
green haw 2 0.8 2.1 0.7 0.3 1.1
swamp chestnut oak 3 0.7   0.7 0.9 1.1
red mulberry 3 0.7 0.3 0.4 0.7 0.3
winged elm 4 0.4 0.9 0.4 3.3 2.7
slippery elm 4 0.6   0.3 0.6 0.1
persimmon 3   1.0 0.2 1.2 2.5
swamp tupelo 1 0.3   0.2 1.2  
black walnut 4   0.9 0.1    
buckthorn bumelia 3 0.3   0.1 0.4 0.6
bald cypress 1 0.2   0.1    
black tupelo 4 0.1   0.04    
spruce pine 3 0.1   0.03    
pagoda oak 3 0.1   0.03    
river birch 2   0.1 0.02 0.6  
loblolly pine 4 0.03   0.01    
American holly 3       6.8 8.6
silverbell 4       1.7 1.1
bitternut 1       0.1 1.7
Southern magnolia 4       0.3  
popash 3       0.4  
planer tree 1       0.1  
Chinese tallow tree 3       0.1  
cherry laurel 4       0.1 0.2
Ogeechee tupelo 1       0.1  



elderberry 3         0.1



Total 100.0 100.0 100.0 100.0 100.1



Average total density , in trees/ha 687 545 702 564 467
Number of trees sampled 352 283 635 671 620



Total area sampled, in ha na 0.49 na 1.22 1.22
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Species
Floodplain  



species  
category



Relative density, in percent



Canopy tress Subcanopy trees



1976 data



2004 data 2004 dataARQA cruise-
transect  data



Thesis and  
ARQA intensive-



plot data



Combined  
1976 data



B. Low bottomland hardwoods
swamp laurel oak 2 4.4 15.0 9.9 6.8 3.2
overcup oak 2 12.3 6.5 9.3 5.3 6.4
water hickory 2 6.3 11.4 9.0 14.0 4.6
ironwood 3 8.8 8.9 8.8 6.7 3.6
green ash 2 11.1 6.3 8.6 5.5 2.2
river birch 2 14.8 2.0 8.2 4.5 0.1
American elm 2 9.2 6.9 8.0 5.6 1.6
red maple 2 8.6 3.9 6.1 8.0 9.0
sweetgum 3 6.3 4.0 5.1 6.8 2.6
planer tree 1 1.3 7.4 4.5 3.5 3.9
possum haw 3 2.0 6.4 4.2 7.4 42.7
hackberry 3 3.1 3.3 3.2 7.3 7.7
bald cypress 1 0.4 5.0 2.8 2.3 0.6
Ogeechee tupelo 1 1.7 3.7 2.7 3.4 1.0
popash 1 1.4 1.5 1.4 1.6 1.2
water tupelo 1 1.8 0.9 1.3 2.5 0.2
green haw 2 1.1 1.4 1.3 0.7 1.8
swamp privet 2 1.7 0.6 1.1 0.6 2.2



sycamore 3 0.4 1.4 0.9 0.7  
black willow 1   1.6 0.8    
box elder 3 1.6 0.1 0.8 1.7 4.4
water locust 2 0.3 1.3 0.8 1.3 0.3
water oak 3 0.6 0.2 0.4 0.5 0.3
swamp cottonwood 1 0.4   0.2 0.3  
laurel oak 4 0.02 0.2 0.1    
persimmon 3 0.1 0.1 0.1 0.9 0.4
black tupelo 4 0.1   0.03    
swamp tupelo 1 0.05   0.02    
swamp chestnut oak 3 0.05   0.02    
buttonbush 1   0.02 0.01 1.4 0.5
stiffcornel dogwood 2       0.3 1.3
red mulberry 3       0.3  
sweetbay 3       0.1  
American holly 3         0.2



Total 100.0 100.0 100.0 100.0 100.00



Average total density , in trees/ha 459 497 478 528 420
Number of trees sampled 409 602 1,011 1,319 1,240
Total area sampled, in ha na 1.31 na 2.55 2.55



Appendix 7.  (Continued) Relative density of tree species in forests of the Apalachicola River floodplain, Florida.



[Relative density (rd) was weighted by the percent of area of each forest type in each reach. The sum of the rd of the most dominant species 
(in bold) is greater than 50 percent. Species are sorted by dominance in the combined 1976 data. Scientific names of species are listed in 
appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, not applicable, trees/ha, trees per hectare]
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Species
Floodplain  



species  
category



Relative density, in percent



Canopy tress Subcanopy trees



1976 data



2004 data 2004 dataARQA cruise-
transect  data



Thesis and  
ARQA intensive-



plot data



Combined  
1976 data



C. Swamp



popash 1 29.3 33.3 31.2 16.8 16.4
water tupelo 1 28.5 28.8 28.7 33.5 3.9
Ogeechee tupelo 1 15.4 10.2 12.9 10.9 2.1
bald cypress 1 12.8 11.4 12.1 16.3 17.5
planer tree 1 10.2 9.7 9.9 8.1 19.5
swamp tupelo 1 0.6 1.3 0.9 0.9 0.0
red maple 2 0.3 1.0 0.7 3.1 6.9
river birch 2 0.4 0.8 0.6 2.0 2.0
swamp cottonwood 1 0.5 0.7 0.6 0.5 0.1
overcup oak 2 0.4 0.6 0.5 2.6 4.4
American elm 2 0.5 0.3 0.4 0.5 1.7
water hickory 2 0.1 0.5 0.3 0.7 2.7
sycamore 3   0.5 0.3 0.03 0.0
swamp privet 2 0.2 0.2 0.2 0.1 0.4
water locust 2 0.3 0.1 0.2 0.7 0.6
green ash 2   0.2 0.1 0.9 0.5
buttonbush 1 0.1 0.03 0.1 0.2 4.1
hackberry 3 0.04 0.1 0.1 0.1 0.5
black willow 1 0.1   0.1    
green haw 2   0.1 0.1 0.03 0.3
white titi 3   0.1 0.04   0.3
winged elm 4   0.05 0.02   0.1
slippery elm 4 0.04   0.02    
swamp laurel oak 2 0.04   0.02 1.0 1.1
sweetgum 3       0.3 0.1
possum haw 3       0.3 1.9
persimmon 3       0.2 0.4
hazel alder 2       0.1 4.7
ironwood 3       0.1 0.2
box elder 3       0.01 0.6
American snowbell 2         5.4
stiffcornel dogwood 2         1.5
winterberry 2         0.1
sarvis holly 1         0.1



Total 100.0 100.0 100.0 100.0 100.0



Average total density , in trees/ha 1082 1016 1049 670 286
Number of trees sampled 640 544 1,184 1,582 620
Total area sampled, in ha na 0.72 na 2.45 2.45



Appendix 7.  (Continued) Relative density of tree species in forests of the Apalachicola River floodplain, Florida.



[Relative density (rd) was weighted by the percent of area of each forest type in each reach. The sum of the rd of the most dominant species 
(in bold) is greater than 50 percent. Species are sorted by dominance in the combined 1976 data. Scientific names of species are listed in 
appendix 1. ARQA, Apalachicola River Quality Assessment; ha, hectare; na, not applicable, trees/ha, trees per hectare]
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Appendix 8.  Average Floodplain Indices of plots where tree species 
were sampled in 1976 forests of the Apalachicola River floodplain, 
Florida.



[Species are arranged in descending order by average Floodplain Index (FI) of the 
plots where they were sampled in 1976. Species with a sample size of less than 
5 trees are not included. Scientific names of species and their Floodplain Species 
Categories are listed in appendix 1]



Species
Floodplain 



species 
category



Number of trees  
sampled 



Average FI of plots  
where sampled



chinaberry 4 8 3.063



red mulberry 3 7 2.853



water oak 3 50 2.730



swamp chestnut oak 3 9 2.706



sweetgum 3 299 2.614



box elder 3 22 2.571



hackberry 3 148 2.547



ironwood 3 110 2.528



possum haw 3 77 2.505



sycamore 3 37 2.439



winged elm 4 11 2.429 a



persimmon 3 6 2.367



green ash 2 134 2.281



green haw 2 28 2.250



swamp laurel oak 2 138 2.249



American elm 2 110 2.209



water hickory 2 174 2.154



red maple 2 54 2.061



overcup oak 2 136 1.980



river birch 2 31 1.848



swamp privet 2 12 1.842



water locust 2 12 1.750



swamp cottonwood 1 17 1.461



black willow 1 12 1.384



planer tree 1 102 1.298



swamp tupelo 1 26 1.279



popash 1 195 1.254



Ogeechee tupelo 1 162 1.226



bald cypress 1 246 1.190



water tupelo 1 440 1.138



Total 2,830  



a One winged elm sampled in a swamp plot may have been misidentified. 
Average FI without this plot is 2.770.
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Appendix 9.  Changes in Floodplain Indices from 1976 to 2004 for individual replicate plots in 
forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the species composition (as determined 
by dominance) toward a drier forest type. Prefix of plot name indicates transect name. FIs are calculated from 
relative basal areas of canopy trees weighted by the Floodplain Species Category (FSC). Significant differences 
were determined using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 
but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; IP, intensive plot; Loblh, low bottomland 
hardwoods; n, sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



  Indicates FI for 2004 plot is drier than FI for 1976 plot (difference is positive)
  Indicates FI for 2004 plot is wetter than FI for 1976 plot (difference is negative)



Forest type Plot name
Floodplain Index (FI) Difference in FI  



(2004 canopy minus  
1976 canopy)1976 canopy 2004 canopy



A. Upper Reach



Hiblh



CH-01 3.000 3.029 0.029



CH-02 3.000 3.258 0.258



TO-09 3.000 3.056 0.056



SE-IP4 3.047 2.809 -0.238



SE-IP6 2.516 2.754 0.238



SE-22 2.750 2.342 -0.408



SE-23 2.750 2.729 -0.021



SE-25 2.500 2.581 0.081



 BLT-L 2.650 2.830 0.180



Loblh



TO-04 2.000 2.727 0.727



TO-06 2.273 2.549 0.276



TO-07 2.000 2.143 0.143



SE-IP3 2.085 1.190 -0.895



BLT-MS 2.228 2.092 -0.136



BLT-MP 2.335 2.435 0.100



BLT-BP 2.128 2.146 0.018



Swamp



TO-01 1.000 2.012 1.012



TO-02 1.000 1.022 0.022



TO-03 1.000 1.001 0.001



SE-IP1 1.002 1.001 -0.001



SE-IP2 1.000 1.001 0.001



SE-06 1.400 1.482 0.082



SE-12 1.000 1.000 0.000



SE-13 1.000 1.000 0.000



SE-14 1.000 1.002 0.002



SE-15 1.000 1.000 0.000



SE-16 1.000 1.001 0.001



SE-17 1.000 1.003 0.003



SE-18 1.000 1.007 0.007



BLT-BS 1.077 1.048 -0.029



Average difference in FI for upper reach (n = 30) 0.050 *
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  Indicates FI for 2004 plot is drier than FI for 1976 plot (difference is positive)
  Indicates FI for 2004 plot is wetter than FI for 1976 plot (difference is negative)



Forest type Plot name



Floodplain Index (FI)



1976 canopy 2004 canopy
Difference in FI  



(2004 canopy minus  
1976 canopy)



B. Middle Reach



Hiblh



OR-01 2.667 2.780 0.113



OR-30 2.909 2.749 -0.160



MR-01 2.833 2.654 -0.180



MR-07 3.000 2.745 -0.255



PL-15 2.750 2.987 0.237



PL-16 2.667 2.882 0.215



Loblh



OR-5.5 2.000 2.419 0.419



MR-08 2.000 1.996 -0.004



MR-16 2.167 2.157 -0.009



MR-16.5 2.083 1.939 -0.145



PL-01 2.000 2.185 0.185



PL-02 2.200 2.046 -0.154



PL-03 1.667 1.384 -0.282



PL-08 2.000 1.887 -0.113



WEW-FS 1.767 1.933 0.165



WEW-HL 1.914 2.062 0.148



WEW-UB1 2.169 2.185 0.016



Swamp



OR-08 1.000 1.017 0.017



OR-32.5 1.000 1.844 0.844



MR-06 1.333 1.000 -0.333



MR-05 1.000 1.000 0.000



PL-04 1.000 1.237 0.237



PL-05 1.125 1.073 -0.052



PL-06 1.250 1.708 0.458



PL-07 1.111 1.637 0.526



PL-09 1.000 1.000 0.000



PL-10 1.500 1.825 0.325



PL-11 1.000 1.116 0.116



PL-12 1.000 1.000 0.000



PL-13 1.000 1.138 0.138



PL-14 1.375 1.065 -0.310



WEW-LB1 1.384 1.216 -0.168



WEW-BS 1.134 1.224 0.090



Average difference in FI for middle reach (n = 33) 0.063



Appendix 9.  (Continued) Changes in Floodplain Indices from 1976 to 2004 for individual replicate 
plots in forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the species composition (as determined 
by dominance) toward a drier forest type. Prefix of plot name indicates transect name. FIs are calculated from 
relative basal areas of canopy trees weighted by the Floodplain Species Category (FSC). Significant differences 
were determined using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 
but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; IP, intensive plot; Loblh, low bottomland 
hardwoods; n, sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]
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  Indicates FI for 2004 plot is drier than FI for 1976 plot (difference is positive)
  Indicates FI for 2004 plot is wetter than FI for 1976 plot (difference is negative)



Forest type Plot name



Floodplain Index (FI) Difference in FI  
(2004 canopy minus  



1976 canopy)1976 canopy 2004 canopy



C. Lower Reach



Loblh
BR-IP11 1.961 1.298 -0.662



BR-IP14 2.029 2.034 0.006



Swamp



BR-18 1.083 1.000 -0.083



BR-3 1.000 1.167 0.167



BR-4 1.000 1.030 0.030



BR-5 1.000 1.044 0.044



BR-IP13 1.006 1.020 0.015



BR-20 1.000 1.000 0.000



Average difference in FI for lower reach (n = 8) -0.061



Average difference in FI for Hiblh all reaches (n = 15) 0.010



Average difference in FI for Loblh all reaches (n = 20) -0.010



Average differencein FI for Swamp all reaches (n = 36) 0.088 **



Average difference in FI for all plots (n = 71) 0.044 *



Appendix 9.  (Continued) Changes in Floodplain Indices from 1976 to 2004 for individual replicate 
plots in forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the species composition (as determined 
by dominance) toward a drier forest type. Prefix of plot name indicates transect name. FIs are calculated from 
relative basal areas of canopy trees weighted by the Floodplain Species Category (FSC). Significant differences 
were determined using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 
but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; IP, intensive plot; Loblh, low bottomland 
hardwoods; n, sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]











Appendixes    77



Appendix 10.  Differences in Floodplain Indices between 2004 canopy and subcanopy tree-size classes for individual plots in the 
forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the speciescomposition (as determined by dominance) toward the next drier 
forest type. Prefix of plot name indicates transect name. FIs for canopy trees are calculated from relative basal areas. FIs for subcanopy trees are calculated 
from relative density. Canopy trees have diameter at breast height (dbh) ≥ 7.5 cm; large canopy trees, dbh ≥ 25 centimeter (cm); small canopy trees, dbh 
< 25 and ≥ 7.5 cm; and subcanopy trees, dbh < 7.5 and ≥ 2.5 cm. Significant differences were determined using Wilcoxon matched-pairs signed-ranks 
test. Probabilities (p) shown with * are > 0.05 but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; IP, intensive plot; Loblh, low bottomland 
hardwoods; n = sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



     Indicates FI for given size class is drier than FI for canopy trees (difference is positive)
     Indicates FI for given size class is wetter than FI for canopy trees (difference is negative)



Forest type Plot name



2004 Floodplain Index (FI) Difference in FI



Canopy Large  
canopy



Small  
canopy Subcanopy Large canopy  



minus canopy
Small canopy  
minus canopy



Subcanopy  
minus canopy



A. Upper Reach



   Hiblh



CH-01 3.029 3.000 3.097 2.971 -0.029 0.068 -0.058



CH-02 3.258 4.000 3.087 3.000 0.742 -0.171 -0.258



CH-L2 3.167 3.134 3.246 3.200 -0.033 0.079 0.033



TO-09 3.056 3.038 3.195 3.094 -0.018 0.139 0.038



SE-IP04 2.809 2.434 3.141 3.205 -0.374 0.332 0.396



SE-IP06 2.754 2.712 2.963 2.966 -0.042 0.209 0.211



SE-22 2.342 2.297 2.726 3.000 -0.045 0.385 0.658



SE-23 2.729 2.295 3.192 3.034 -0.434 0.464 0.305



SE-25 2.581 2.504 2.969 3.000 -0.078 0.387 0.419



BLT-L 2.808 2.788 2.938 2.712 -0.020 0.130 -0.097



   Loblh



TO-04 2.727 2.650 3.000 2.931 -0.077 0.273 0.204



TO-06 2.549 2.441 2.942 2.868 -0.108 0.393 0.320



TO-07 2.143 2.082 2.626 3.000 -0.060 0.483 0.857



SE-IP03 1.190 1.102 1.513 2.647 -0.088 0.322 1.457



BLT-MP 2.435 2.394 2.642 2.743 -0.040 0.207 0.308



BLT-BP 2.146 2.125 2.285 2.541 -0.021 0.139 0.395



BLT-MS 2.092 2.070 2.314 2.185 -0.023 0.222 0.093



   Swamp



TO-01 2.012 1.943 2.884 2.882 -0.068 0.873 0.871



TO-02 1.022 1.000 1.359 1.000 -0.022 0.337 -0.022



TO-03 1.001 1.000 1.027 1.000 -0.001 0.026 -0.001



SE-IP01 1.001 1.000 1.006 1.643 -0.001 0.005 0.642



SE-IP02 1.001 1.000 1.009 1.053 -0.001 0.008 0.052



SE-06 1.482 1.482 1.483 1.833 0.000 0.001 0.351



SE-12 1.000 1.000 1.000 1.333 0.000 0.000 0.333



SE-13 1.000 1.000 1.000 1.600 0.000 0.000 0.600



SE-14 1.002 1.000 1.006 1.320 -0.002 0.004 0.318



SE-15 1.000 1.000 1.000 1.524 0.000 0.000 0.524



SE-16 1.001 1.000 1.004 1.500 -0.001 0.002 0.499



SE-17 1.003 1.000 1.013 1.640 -0.003 0.010 0.637



SE-18 1.007 1.000 1.041 1.640 -0.007 0.034 0.633



BLT-BS 1.048 1.046 1.068 1.500 -0.002 0.020 0.452



Average difference in FI for all upper reach plots  (n = 31) -0.028 ** 0.174 ** 0.360 **
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     Indicates FI for given size class is drier than FI for canopy trees (difference is positive)
     Indicates FI for given size class is wetter than FI for canopy trees (difference is negative)



Forest type Plot name



2004 Floodplain Index (FI) Difference in FI



Canopy Large  
canopy



Small  
canopy Subcanopy Large canopy  



minus canopy
Small canopy  
minus canopy



Subcanopy  
minus canopy



B. Middle Reach



   Hiblh



OR-30 2.749 2.750 2.736 3.000 0.002 -0.013 0.251



OR-01 2.780 2.748 3.093 2.833 -0.032 0.313 0.053



MR-01 2.654 2.623 2.792 2.853 -0.031 0.138 0.199



MR-07 2.745 2.682 2.865 2.935 -0.063 0.120 0.191



PL-15 2.987 3.000 2.925 2.875 0.013 -0.062 -0.112



PL-16 2.882 2.907 2.840 2.957 0.025 -0.042 0.075



   Loblh



OR-5.5 2.419 2.337 2.611 2.833 -0.082 0.192 0.415



MR-08 1.996 2.000 1.982 2.176 0.004 -0.014 0.180



MR-16 2.157 2.133 2.298 2.455 -0.024 0.141 0.297



MR-16.5 1.939 2.000 1.847 1.250 0.061 -0.092 -0.689



PL-01 2.185 2.204 2.165 2.526 0.019 -0.020 0.341



PL-02 2.046 2.000 2.443 2.960 -0.046 0.396 0.914



PL-03 1.384 1.372 1.490 none -0.013 0.105  



PL-08 1.887 1.913 1.528 2.250 0.026 -0.359 0.363



WEW-FS 1.933 2.044 1.607 2.446 0.111 -0.326 0.513



WEW-HL 2.062 2.000 2.235 2.920 -0.062 0.174 0.858



WEW-UBX 2.185 2.000 2.919 2.923 -0.185 0.734 0.738



   Swamp



OR-32.5 1.844 1.861 1.699 1.000 0.017 -0.146 -0.844



OR-08 1.017 1.000 1.277 1.000 -0.017 0.260 -0.017



MR-05 1.000 1.000 1.000 1.250 0.000 0.000 0.250



MR-06 1.000 1.000 1.000 1.000 0.000 0.000 0.000



PL-04 1.237 1.222 1.546 1.000 -0.015 0.309 -0.237



PL-05 1.073 1.078 1.000 none 0.004 -0.073  



PL-06 1.708 1.750 1.455 none 0.042 -0.254  



PL-07 1.637 1.589 2.063 3.000 -0.048 0.426 1.363



PL-09 1.000 1.000 1.000 1.000 0.000 0.000 0.000



PL-10 1.825 2.000 1.571 1.294 0.175 -0.254 -0.531



PL-11 1.116 1.000 1.698 1.955 -0.116 0.582 0.839



PL-12 1.000 1.000 1.000 1.000 0.000 0.000 0.000



PL-13 1.138 1.142 1.000 none 0.004 -0.138  



PL-14 1.065 1.000 1.877 1.167 -0.065 0.812 0.102



WEW-LBX 1.216 1.115 1.804 1.789 -0.101 0.588 0.573



WEW-BS 1.224 1.197 1.405 2.120 -0.027 0.181 0.896



WEW-BSX 1.000 1.000 1.000 1.000 0.000 0.000 0.000



Average difference in FI for all middle reach plots (n = 34) -0.012 0.108 * 0.233 **



Appendix 10.  (Continued) Differences in Floodplain Indices between 2004 canopy and subcanopy tree-size classes for individual 
plots in the forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the speciescomposition (as determined by dominance) toward the next drier 
forest type. Prefix of plot name indicates transect name. FIs for canopy trees are calculated from relative basal areas. FIs for subcanopy trees are calculated 
from relative density. Canopy trees have diameter at breast height (dbh) ≥ 7.5 cm; large canopy trees, dbh ≥ 25 centimeter (cm); small canopy trees, dbh 
< 25 and ≥ 7.5 cm; and subcanopy trees, dbh < 7.5 and ≥ 2.5 cm. Significant differences were determined using Wilcoxon matched-pairs signed-ranks 
test. Probabilities (p) shown with * are > 0.05 but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; IP, intensive plot; Loblh, low bottomland 
hardwoods; n = sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]
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     Indicates FI for given size class is drier than FI for canopy trees (difference is positive)
     Indicates FI for given size class is wetter than FI for canopy trees (difference is negative)



Forest type Plot name



2004 Floodplain Index (FI) Difference in FI



Canopy Large  
canopy



Small  
canopy Subcanopy Large canopy  



minus canopy
Small canopy  
minus canopy



Subcanopy  
minus canopy



C. Lower Reach



   Hiblh



EA-02 2.547 2.505 2.710 3.000 -0.042 0.164 0.453



EB-01 2.835 2.821 2.839 2.889 -0.014 0.005 0.054



EB-08 2.545 2.561 2.391 2.750 0.015 -0.155 0.205



   Loblh



EA-01 2.433 2.456 2.339 3.000 0.023 -0.094 0.567



EA-03 2.056 2.039 2.189 2.583 -0.017 0.133 0.527



EA-04 1.662 1.661 1.685 1.846 -0.001 0.023 0.184



EA-05 2.189 2.095 2.447 2.476 -0.094 0.258 0.287



EA-08 1.500 1.523 1.345 1.854 0.023 -0.155 0.354



EB-02 2.274 2.204 2.790 2.211 -0.071 0.516 -0.064



EB-03 1.920 1.902 1.960 2.241 -0.018 0.039 0.321



EB-06 1.652 1.648 1.765 1.900 -0.004 0.114 0.248



EB-07 2.572 2.660 2.444 2.761 0.088 -0.128 0.189



EC-03 2.301 2.373 1.941 2.852 0.072 -0.360 0.551



EC-04 2.379 2.197 2.646 2.941 -0.182 0.267 0.562



EC-05 2.349 2.368 2.284 2.700 0.020 -0.065 0.351



EC-06 1.972 1.948 2.092 2.563 -0.024 0.121 0.591



EC-07 1.818 1.877 1.618 2.393 0.059 -0.200 0.575



BR-IP11 1.298 1.262 1.484 1.850 -0.037 0.185 0.552



BR-IP14 2.034 2.045 2.000 2.625 0.010 -0.035 0.591



   Swamp



EA-06 1.446 1.484 1.073 1.917 0.039 -0.373 0.471



EA-07 1.022 1.000 1.247 1.263 -0.022 0.225 0.242



EB-04 1.021 1.000 1.110 1.188 -0.021 0.088 0.166



EB-05 1.009 1.000 1.116 1.100 -0.009 0.107 0.091



EC-10 1.274 1.267 1.295 1.583 -0.007 0.020 0.309



BR-IP13 1.020 1.000 1.233 1.667 -0.020 0.213 0.646



BR-03 1.167 1.178 1.118 1.375 0.011 -0.049 0.208



BR-04 1.030 1.033 1.015 1.625 0.002 -0.015 0.595



BR-05 1.044 1.051 1.000 1.333 0.007 -0.044 0.289



BR-18 1.000 1.000 1.000 1.000 0.000 0.000 0.000



BR-20 1.019 1.014 1.100 1.000 -0.005 0.081 -0.019



Average difference in FI for all lower reach plots (n = 30) -0.007 0.030 0.337 **



Average difference in FI for Hiblh (n = 19) -0.024 ** 0.131 ** 0.159 **



Average difference in FI for Loblh (n = 34) -0.022 * 0.106 ** 0.423 **



Average difference in FI for Swamp (n = 42) -0.007 ** 0.092 ** 0.289 **



Average difference in FI for all plots (n = 95) -0.016 ** 0.105 ** 0.310 **



Appendix 10.  (Continued) Differences in Floodplain Indices between 2004 canopy and subcanopy tree-size classes for individual 
plots in the forests of the Apalachicola River floodplain, Florida.



[A change of + 0.01 in a Floodplain Index (FI) is a change of 1 percent of the speciescomposition (as determined by dominance) toward the next drier 
forest type. Prefix of plot name indicates transect name. FIs for canopy trees are calculated from relative basal areas. FIs for subcanopy trees are calculated 
from relative density. Canopy trees have diameter at breast height (dbh) ≥ 7.5 cm; large canopy trees, dbh ≥ 25 centimeter (cm); small canopy trees, dbh 
< 25 and ≥ 7.5 cm; and subcanopy trees, dbh < 7.5 and ≥ 2.5 cm. Significant differences were determined using Wilcoxon matched-pairs signed-ranks 
test. Probabilities (p) shown with * are > 0.05 but < 0.10; with ** are ≤ 0.05. Hiblh, high bottomland hardwoods; IP, intensive plot; Loblh, low bottomland 
hardwoods; n = sample size; >, greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]
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Appendix 11. Statistical evaluation of correlations between Floodplain Indices of 1976 and 2004 tree-size classes and 
flood durations in forests of the Apalachicola River floodplain, Florida.



[Forest composition is based on Floodplain Index (FI) values for indicated groups. Flood duration is the average number of days of flooding 
in the growing season based on stage in the adjacent river channel without any adjustments for water retention in depressions or other 
factors affecting the relation between river stage and floodplain water levels. Canopy includes trees ≥ 7.5 centimeter (cm) diameter at breast 
height (dbh); small canopy trees are < 25 and ≥ 7.5 cm dbh; subcanopy trees are < 7.5 and ≥ 2.5 cm dbh. FIs for canopy trees calculated 
from relative basal areas. Fls for subcanopy trees calculated from relative density. Statistics not calculated for groups with sample size ≤ 5. 
Hiblh, high bottomland hardwoods; Loblh, low bottomland hardwoods; n, sample size; p, probability; r, Pearson correlation coefficient; >, 
greater than; ≥, greater than or equal to; <, less than; ≤, less than or equal to]



    Indicates correlation is highly significant (p ≤ 0.05)
  Indicates correlation is less significant  (p < 0.1 > 0.05)



    Indicates correlation is not significant (p ≥ 0.1)



*   Indicates correlation is positive



Forest type Reach



Pearson r values, significance, and sample size correlations between FIs and  
flood duration for four forest groups



 1976  
canopy trees



2004  
canopy trees



2004  
small canopy trees



2004  
subcanopy trees



Hiblh



UPPER
r = -0.430 
p = 0.016, n = 31



r = -0.644 
p = 0.044, n = 10



r = -0.598 
p = 0.068, n = 10



r = -0.662 
p = 0.037, n = 10



MIDDLE
r = -0.483 
p = 0.042, n = 18



r = -0.626 
p = 0.184, n = 6



r = -0.502 
p = 0.310, n = 6



r = -0.262 
p = 0.616, n = 6



LOWER n = 0 n = 3 n = 3 n = 3



All
r = -0.499 
p = 0.0003, n = 49



r = -0.637 
p = 0.003, n = 19



r = -0.628 
p = 0.004, n = 19



r = -0.439 
p = 0.060, n = 19



Loblh



UPPER
r = -0.031 
p = 0.917, n = 14



r = -0.428 
p = 0.338, n = 7



r = -0.587 
p = 0.166, n = 7



r = -0.737 
p = 0.059, n = 7



MIDDLE
r = -0.394 
p = 0.012, n = 40



r = -0.376 
p = 0.254, n = 11



r = -0.449 
p = 0.166, n = 11



r = -0.518 
p = 0.125, n = 10



LOWER n = 3
r = -0.711 
p = 0.002, n = 16



r = -0.504 
p = 0.047, n = 16



r = -0.659 
p = 0.006, n = 16



All
r = -0.405 
p = 0.002, n = 57



r = -0.563 
p = 0.001, n = 34



r = -0.511 
p = 0.002, n = 34



r = -0.603 
p = 0.0002, n = 33



Swamp



UPPER r = 0.410 * 
p = 0.038, n = 26



r = -0.012 
p = 0.967, n = 14



r = -0.065 
p = 0.825, n = 14



r = -0.033 
p = 0.912, n = 14



MIDDLE
r = -0.047  
p = 0.814, n = 28



r = -0.095 
p = 0.717, n = 17



r = -0.320 
p = 0.2100, n = 17



r = 0.021 * 
p = 0.9431, n = 14



LOWER
r = -0.327  
p = 0.128, n = 23



r = -0.677 
p = 0.022, n = 11



r = -0.426 
p = 0.191, n = 11



r = -0.338 
p = 0.310, n = 11



All
r = -0.081 
p = 0.485, n = 77



r = -0.108 
p = 0.496, n = 42



r = -0.158 
p = 0.317, n = 42



r = -0.163 
p = 0.323, n = 39



Reaches



UPPER
r = -0.648 
p < 0.0001, n = 71



r = -0.781 
p < 0.001, n = 31



r = -0.731 
p < 0.0001, n = 31



r = -0.669 
p < 0.0001, n = 31



MIDDLE
r = -0.702 
p < 0.0001, n = 86



r = -0.757 
p < 0.0001, n = 34



r = -0.763 
p < 0.0004, n = 34



r = -0.649 
p < .0001, n = 30



LOWER
r = -0.785 
p < 0.0001, n = 26



r = -0.841 
p < 0.0001, n = 30



r = -0.841 
p < 0.0001, n = 30



r = -0.776 
p < 0.0001, n = 30



ALL
r = -0.680 
p < 0.0001, n = 183



r = -0.636 
p < 0.0001, n = 95



r = -0.603 
p < 0.0001, n = 95



r = -0.566 
p < 0.0001, n = 91
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Appendix 12.  Statistical evaluation of differences between Floodplain Indices of 1976 and 2004 
tree-size classes in forests of the Apalachicola River floodplain, Florida.



[Percentage of change in composition based on differences between Floodplain Index (FI) values for indicated 
groups. A change of + 0.01 in a FI is a change of 1% of the species composition (as determined by dominance) 
toward a drier forest type. Canopy includes trees ≥ 7.5 centimeter (cm) diameter at breast height (dbh); large 
canopy trees are ≥ 25 cm dbh; subcanopy trees are < 7.5 and ≥ 2.5 cm dbh. FIs for canopy trees calculated 
from relative basal areas. Fls for subcanopy trees calculated from relative density. Significant differences were 
determined using Wilcoxon matched-pairs signed-ranks test. Probabilities (p) shown with * are > 0.05 but < 0.10; 
with ** are ≤ 0.05. Statistics not calculated for groups with sample size ≤ 5. Hiblh, high bottomland hardwoods; 
Loblh, low bottomland hardwoods; >, greater than; n, sample size; ≥, greater than or equal to; <, less than; ≤, less 
than or equal to; %, percent]



    Indicates correlation is highly significant (p ≤ 0.05)
    Indicates correlation is less significant  (p < 0.1 > 0.05)
    Indicates correlation is not significant (p ≥ 0.1)



Forest type Reach



Change in composition, statistical significance, and sample sizes



Pre-1954 to 1976 
(change from  



1976 large canopy to 
1976 canopy trees)



From 1976 to 2004 
(change from  



1976 canopy to  
2004 canopy trees)



From 2004 to 2085 a 
(change from  



2004 canopy to  
2004 subcanopy trees)



Hiblh



UPPER 4.0%, drier, n = 4
1.9% drier 
p = 0.496, n = 9



16.5% drier 
p = 0.160, n = 10



MIDDLE n = 0
0.5% wetter 
p = 1.000, n = 6



10.9% drier 
p = 0.156, n = 6



LOWER n = 0 n = 0
23.7% drier 
n = 3  



All 4.0% drier, n = 4
1.0% drier 
p = 0.720, n = 15



15.9% drier 
p = 0.012, n = 19



Loblh



UPPER
6.9% drier 
n = 4



3.3% drier 
p = 0.578, n = 7



51.9% drier 
p = 0.016, n = 7



MIDDLE
0.9% wetter 
n = 3



2.1% drier 
p = 0.765, n = 11



39.3% drier 
p = 0.037, n = 10



LOWER
6.5% drier 
n = 2  



32.8% wetter 
n = 2  



39.9% drier 
p = 0.001, n = 16



All
4.2% drier 
 p = 0.164, n = 9



1.0% wetter 
p = 0.729, n = 20



42.3% drier 
p < 0.001, n = 33



Swamp



UPPER
1.1% drier 
n = 4



7.9% drier 
p = 0.083, n = 14



42.1% drier 
p < 0.001, n = 14



MIDDLE
no change 
n = 2  



11.8% drier 
p ≤ 0.191, n = 16



17.1% drier 
p = 0.322, n = 14



LOWER
0.3% drier 
n = 2  



2.9% drier 
p = 0.438, n = 6  



27.3% drier 
p = 0.004, n = 11



All
0.6% drier 
p = 0.563, n = 8



8.8% drier 
p = 0.026, n = 36



28.9% drier 
p < 0.001, n = 39



Reaches



UPPER
4.0% drier 
 p =  0.032, n = 12



5.0% drier 
p = 0.066, n = 30



36.0% drier 
p < 0.001, n = 31



MIDDLE
0.6% wetter 
n = 5



6.3% drier 
p = 0.299, n = 33



23.3% drier 
p = 0.010, n = 33



LOWER
3.4% drier 
n = 4  



6.1% drier 
p = 0.813, n = 8



33.7% drier 
p < 0.001, n = 27



All
2.8% drier 
p =  0.026, n = 21



4.4% drier 
p = 0.086, n = 71



31.0% drier 
p < 0.001, n = 91



a In 2085, the median age of surviving 2004 subcanopy trees will reach the median age (99 years) of the 
2004 large canopy trees.
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Sticky Note


dark color is significant





David


Sticky Note


drying is most severe in last 20-yr period, after when channel decline was main driver.  channel had stabilized by last time period - when flow change were dominant cause.

last field work was in 2004

there were back to back droughts in this period but wouldn't have been as severe.  might be climatic as well.  but this tree data is prior to most severe recent droughts. 
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Abstract 1



Aquatic Habitats in Relation to River Flow in the
Apalachicola River Floodplain, Florida
By Helen M. Light, Melanie R. Darst, and J.W. Grubbs



ncreasing demands for water
in the Apalachicola-



Chattahoochee-Flint River
Basin have resulted in conflicts
among water user groups, the
States of Georgia, Alabama, and
Florida, and various Federal
agencies, particularly during
periods of regional drought. A
study of aquatic habitats in the
floodplain in relation to river
flow was conducted in the non-
tidal reach of the Apalachicola
River in north Florida from
1992 to 1996. The study was
conducted by the U.S. Geological
Survey, in cooperation with the
Northwest Florida Water
Management District, as part of
a larger effort to identify fresh-
water needs throughout the
region and develop a mecha-
nism for basinwide water man-
agement. The primary results of
this report are quantitative esti-
mates of the amount of aquatic
habitat in the floodplain in rela-
tion to river flow. The report
also includes plates showing
streams, lakes, and floodplain
forests connected to the main
river channel at selected flows;
an analysis of long-term flow



I
Abstract record in the Apalachicola



River; a review of the literature
regarding fishes in floodplains
of the Apalachicola River and
other rivers of the eastern
United States; and examples
showing how this report can be
used to assess impacts of flow
alterations on aquatic habitats
and fishes. The study area con-
sists of about 82,200 acres of
floodplain that is predominantly
wetlands, according to the U.S.
Fish and Wildlife classification
system.



Very low flows in the
Apalachicola River, defined
as flows less than 6,000 cubic
feet per second (ft3/s) at Chatta-
hoochee, Florida, occurred in 15
of the 74 years of record from
1922 to 1995. At a river flow of
5,000 ft3/s, an estimated
260 acres of floodplain streams
and lakes is connected to the
main river channel. Most of
these areas have shallow waters
with no flow and are located in
the middle and nontidal lower
reaches of the river. These con-
nected aquatic habitats comprise
a very small percentage
(0.3 percent) of the entire flood-
plain at very low flows, yet they
serve as important refuges for



fishes from the deep, swiftly
flowing waters of the main
channel. In the upper reach of
the river, entrenchment that
occurred after construction of
Jim Woodruff Dam lowered
bed elevations and river levels.
Many perennial streams in the
upper reach that were accessible
to main channel fishes at low
and very low flows prior to
entrenchment are now inacces-
sible because of waterfalls or
very shallow water at their
mouths. About 4,000 acres of
isolated aquatic habitat, mostly
tupelo-cypress swamps with
standing water less than 3 feet
deep, is also present in the
floodplain at very low flows. A
review of the literature indicates
that many species of fishes
inhabit the quiet, shallow waters
typically found in isolated
swamps.



Low flows (6,000-
10,000 ft3/s at Chattahoochee,
Florida) occur in most years.
The median annual 1-day low
flow for the period of record is
8,490 ft3/s. About 740 acres of
aquatic habitat in the floodplain
is connected to the main channel
at a river flow of 8,000 ft3/s.
Most of these areas are tributary
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lakes, which are open bodies of
water having a linear conforma-
tion and little or no flow except
during floods. Large tributary
lakes in the middle and lower
reaches of the river, such as
Iamonia Lake and River Styx,
support diverse fish communi-
ties. In a previous study, 44 fish
species were collected by the
Florida Game and Fresh Water
Fish Commission in tributary
lakes during low flows.



Medium flows (10,000-
20,000 ft3/s at Chattahoochee,
Florida) occur every year. At the
median flow for the period of
record, which is 16,400 ft3/s,
approximately 8,300 acres
(10 percent of the floodplain) is
connected aquatic habitat. Most
of these areas are tupelo-cypress
swamps bordering streams and
lakes in the middle and nontidal
lower reaches that are inundated
by backwater from the main
channel. Flowing-water habitats
in more than 200 miles of
streams and lakes are also con-
nected to the main channel at the
median flow. The amount of
vegetative structure in connected
aquatic habitats is much greater
during medium flows than dur-
ing low flows, because water is
no longer contained in the beds
of floodplain streams, but is cov-
ering vegetation and woody
debris on streambanks and in
adjacent swamps. Vegetative
structure in aquatic habitats pro-
vides food sources, protective
cover, and reproductive sites for
fishes.



Medium-high flows
(20,000-50,000 ft3/s at Chatta-
hoochee, Florida) occur every



year. An estimated 40,700 acres,
which is approximately one-half
of the floodplain, is connected
aquatic habitat at 32,000 ft3/s.
Nearly all aquatic habitat in
tupelo-cypress swamps that is
isolated at lower flows is con-
nected to the main channel
between flows of 20,000 and
40,000 ft3/s. High flows (greater
than 50,000 ft3/s) occur in most
years. At the median annual
1-day high flow of 86,200 ft3/s,
about 78,000 acres (95 percent
of the floodplain) is connected
aquatic habitat. During high
flows, water is moving through
most of the floodplain in a gen-
eral downstream direction.
Many main channel fishes
migrate into flooded forests
where greatly increased food
sources and abundant vegetative
structure are available to them.
Eighty percent, or 73 of the 91
fish species known to inhabit the
Apalachicola River have been
collected in river floodplains of
the eastern United States and are
probably present in the Apalach-
icola River floodplain during
medium-high and high flows.



In evaluating the impacts
of flow alterations, it is impor-
tant to determine types and
extent of habitat affected,
address impacts on biotic com-
munities, and make compari-
sons of altered to historical
flows. In an example, effects on
habitat as a result of flow regu-
lation to create a navigation
window for barge traffic in the
fall of 1990 were examined. For
19 days during this period, there
was approximately 590 fewer
acres of connected aquatic



habitat than there would have
been if the navigation window
had not been implemented.
Effects of reduced aquatic
habitat on fishes include reduc-
tions in the amount of food,
protective cover, and spawning
sites. A hydrologic event with
flows similar to this period of
reduced flows occurred once
every 10 years on average
(1922-95) and probably would
not have occurred in 1990 if
navigation windows had not
been implemented.



n the coastal plain of the south-
eastern United States, large



rivers have extensive forested
floodplains that contain a diverse
assortment of aquatic and wetland
habitats (Wharton and others,
1982; Mitsch and Gosselink,
1986). Streams, sloughs, ponds,
lakes, and swamps in these flood-
plains are alternately connected
and disconnected from the main
river channel as river levels fluctu-
ate. Complex relationships exist
between biological communities in
floodplain habitats and river flow,
with floral and faunal distributions
varying spatially, seasonally, and
annually (Welcomme, 1979;
Bayley, 1995; Power and others,
1995). During low-flow periods,
shallow, quiet waters in the flood-
plain provide refuges for fishes
from the deep, swiftly flowing
waters of the main channel (Kwak,
1988; Baker and others, 1991;
Leitman and others, 1991). During
flood events, fishes use inundated
floodplain forests for food, protec-
tive cover, spawning sites and
nursery grounds (Guillory, 1979;



INTRODUCTION



I











Introduction 3



Wharton and others, 1981, 1982;
Ross and Baker, 1983; Walker and
Sniffen, 1985; Finger and Stewart,
1987; Knight and others, 1991).



Increased demands for water
in the Apalachicola-Chattahoochee-
Flint (ACF) River Basin have
resulted in conflicts among water
user groups, the States of Georgia,
Alabama, and Florida, and various
Federal agencies, particularly
during periods of regional drought.
“As a result, widespread concern
has been expressed regarding the
need to properly manage the water
resources so that regional econo-
mies may continue to be supported
within the bounds of the environ-
mental conditions that exist within
the river systems” (Alabama,
Florida, Georgia, and the U.S.
Army Corps of Engineers, 1991,
p. 1). In the early 1990’s, Congress
funded a study to determine water
requirements in the ACF River
Basin (and an adjacent basin) and
to recommend an interstate mecha-
nism for resolving issues from a
regional perspective. As a part of
this study, the Northwest Florida
Water Management District
(NWFWMD) initiated a freshwater
needs assessment for the Apalachi-
cola River and Bay. Water require-
ments of the Apalachicola River
are addressed in this report, which
presents information on the area
and characteristics of aquatic
habitats in the floodplain in relation
to river flow. Results of this inves-
tigation can be used to evaluate
potential impacts of flow alter-
ations (such as increased upstream
water withdrawals or modified
water delivery schedules from
storage reservoirs) on floodplain
habitat.



Purpose and Scope



This report presents the final
results of an investigation relating
aquatic habitats in the floodplain to
flow in the Apalachicola River.
This report includes:



(1) Duration and frequency
statistics of the long-term flow
record of the Apalachicola River
based on monthly, annual, and mul-
tiple-year periods of analysis.



(2) A description of the
major types of streams, lakes, and
forests in the Apalachicola River
floodplain and the changes that
occur in those habitats with
changes in river flow.



(3) Estimates of the area of
aquatic habitat in the floodplain
that exist at specific Apalachicola
River flows ranging from very low
to very high. Estimates of area
include total areas of aquatic habi-
tat in the floodplain for each major
reach of the river and for the entire
study area, and areas of particular
types of aquatic habitats in the
floodplain having characteristics
that are important to fishes.



(4) A list of the species of
fishes collected in the Apalachicola
River floodplain, and a list of addi-
tional species that probably inhabit
the Apalachicola River floodplain,
based on a summary of the litera-
ture on floodplain fishes of the
eastern United States.



(5) Examples showing how
the results of this investigation can
be used to assess impacts of flow
alterations on aquatic habitat and
fishes in the Apalachicola River
floodplain.



The study area addressed in
this report is the floodplain of the
nontidal Apalachicola River from
the Georgia-Florida State line to
the upper limit of tidal influence
about 20 mi upstream of Apalachi-



cola Bay (fig. 1). The freshwater
tidal floodplain is not included in
the study area. Data collection was
conducted from 1992 to 1995 and
data analysis was completed in
1996. Two interim progress
reports describing preliminary
methods and results were published
during the data-collection period
(Light and others, 1993; Light and
others, 1995).
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Figure 1. Drainage basin of the
Apalachicola, Chattahoochee, and Flint
Rivers in Florida, Georgia, and Alabama.
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Background and
Terminology



The Apalachicola River is a
large alluvial river formed by the
confluence of the Chattahoochee
and Flint Rivers (fig. 1). The three
rivers drain 19,600 mi2 in Florida,
Georgia, and Alabama. The Chatta-
hoochee flows about 400 mi from
its source in north Georgia to Lake
Seminole at the Florida-Georgia
State line. The Flint River origi-
nates just south of Atlanta, Ga., and
flows about 350 mi before it joins
the Chattahoochee River. The
Apalachicola River is 106 mi long
and falls about 40 ft from the
Georgia-Florida State line to the
Apalachicola Bay in the Gulf of
Mexico. The Apalachicola River
downstream of Lake Seminole
drains 2,400 mi2, approximately
50 percent of which is drained by
its largest tributary, the Chipola
River.



The drainage basin of the
Apalachicola, Chattahoochee, and
Flint Rivers lies within three major
physiographic provinces of the
southeastern United States (Clark
and Zisa, 1976). Less than
1 percent of the basin in the north-
ernmost part contains mountains
and ridges of the Blue Ridge
Province. The remainder of the
upper basin north of Columbus,
Ga., lies in the rolling hills of the
Piedmont Province. The entire
lower basin south of Columbus,
Ga., is in the Coastal Plain Prov-
ince, which is hilly in the northern-
most part, karstic in the central
part, and contains low lying coastal
flats in the southernmost part
(Couch and others, 1996).



The Apalachicola River is
the largest river in Florida and
ranks 21st in magnitude of dis-
charge among the rivers of the
conterminous United States. Mean



annual flow at Chattahoochee, Fla.
(fig. 2) from 1922 to 1995 was
22,300 ft3/s. Peak floods are most
likely to occur in January, February,
March, or April of each year. Low
flow generally occurs in Septem-
ber, October, and November. Flood
patterns vary greatly from year to
year and may not conform to these
seasonal trends in any given year.
In this report, very low flows are
less than 6,000 ft3/s, low flows are
6,000 to 10,000 ft3/s, medium
flows are 10,000 to 20,000 ft3/s,
medium-high flows are 20,000 to
50,000 ft3/s, and high flows are
greater than 50,000 ft3/s. All flow
values refer to flow in the Apalach-
icola River at the USGS gage at
Chattahoochee, Fla., unless other-
wise indicated.



There are 16 dams on the
Apalachicola, Chattahoochee,
and Flint Rivers. The most down-
stream dam, Jim Woodruff Dam,
impounds Lake Seminole at the
head of the Apalachicola River
where the Chattahoochee and Flint
Rivers join. Construction began on
Jim Woodruff Dam in 1950, and
filling of the reservoir was accom-
plished from 1954 to 1957. Con-
gressional authorization for
navigational improvements was
approved in 1874 and dredging was
sporadically conducted from 1874
to 1956. Dredging to construct the
modern 9- by 100-ft navigation
channel began in 1956, with main-
tenance dredging since that time
usually conducted on an annual
basis. Rock removal in the upper
reach of the river was conducted in
1957, 1963, 1968, and 1983-84.
Twenty-nine sets of groins made of
wooden pilings or stone were
installed from 1963 to 1970, most
of which are in the upper reach of
the river. Six cutoffs, which were
made from 1956 to 1969 to



improve navigation by straighten-
ing bends in the lower reach of the
river, have shortened the total
length of the river by approxi-
mately 2 mi (U.S. Army Corps of
Engineers, 1986). Entrenchment
is riverbed degradation that has
lowered the elevation of the river-
bed in the upper reach of the
Apalachicola River since the
construction of Jim Woodruff Dam.
In an analysis of the effects of a
variety of navigational improve-
ments on riverbed elevation, it was
concluded that entrenchment
“appears to be directly related to
the presence of the dam” (Simons,
Li, and Associates, 1985, p. 100).
Dredging, groins, cutoffs, and rock
removal appear to have primarily
local effects on bed degradation
that are not associated with the
overall trend of entrenchment. The
USACE implements navigation
windows by regulating flows in the
Apalachicola River to improve
navigation during periods when
channel depths are insufficient to
allow barge traffic. Immediately
prior to each navigation window,
water is stored in upstream reser-
voirs for 2 to 3 weeks during a
prewindow period. Flows are
increased rapidly during a short
transition period of 1 or 2 days,
and then water is released in a
window period of 10 days to
2 weeks to raise water levels for
barge navigation on the river.



Aquatic habitats of the main
channel of the Apalachicola River
have been surveyed by the
FGFWFC. Sandbars are relatively
unproductive with regard to fishes
and invertebrates, whereas habitats
such as dike fields, gently sloping
natural banks, and steep natural
banks with snags and other sub-
merged structures are significantly
more productive (Ager and others,
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Figure 2. Major reaches of the Apalachicola
River and location of intensive study areas.
Reach boundaries are based on
physiographic and geomorphic differences
described by Leitman (1984).



1986). In this report, the term main
channel is reserved for the main
channel of the Apalachicola River
unless otherwise indicated.



The Apalachicola River has
the largest forested floodplain in
Florida. It is 71 mi long, ranges
from 1 to 5 mi wide, and covers
approximately 112,000 acres
(175 mi2) of freshwater tidal and
nontidal floodplain. In this report,
the term floodplain refers to the
nontidal floodplain only and does
not include open water in the main
channels of the Apalachicola and
Chipola Rivers. A floodplain area
of 82,200 acres is used in calcula-
tions in this report; this acreage
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represents approximately
92 percent of the total area that is
shown within the nontidal flood-
plain boundary as mapped by
Leitman (1984). The remaining
8 percent of floodplain in nontidal
reaches consists of land areas
within the floodplain boundary that
are higher than most annual floods
or have been converted to nonfor-
ested uses. Floodplains as defined
in this report are predominantly
wetlands according to the wetland
classification system of the
USFWS (Cowardin and others,
1979; Reed, 1988). However, the
percentage of this area that would
be classified as jurisdictional wet-
lands meeting criteria in State and
Federal wetland regulations is not
known. Most of the floodplain
would be classified by the USFWS
as wetlands in the palustrine sys-
tem, but the floodplain also
includes some areas classified as
both wetlands and deepwater habi-
tats in the riverine and lacustrine
system (Cowardin and others,
1979; Brinson and others, 1981).



About 60 species of trees
occur in the bottomland forest of the
Apalachicola River floodplain
(Leitman and others, 1983). Mixed
bottomland hardwoods are domi-
nated by water hickory, sweetgum,
overcup oak, green ash, and
sugarberry, and grow in the areas of
higher elevation in the floodplain
(levees, ridges, and flats). Tupelo-
cypress swamps, also called
swamps in this report, grow in
depressions and areas of lower
elevation. Some of these swamps
are covered with standing water
year-round; others are inundated
much of the year but lack standing
water during the driest months of
September, October, and November.



Alluvial rivers contain a
variety of aquatic habitats that
occur outside the main channel of
the river but within the floodplain.
In this report, any part of the flood-
plain is considered to be aquatic
habitat when it is inundated; thus,
the amount of aquatic habitat in the
floodplain is very low during
droughts and very high during
floods. Connected aquatic habitat
is inundated and connected to the
main channel with a 2-way connec-
tion. In a 2-way connection, a
level or near-level water passage-
way exists between a floodplain
water body and the main channel,
allowing fish passage in both direc-
tions. One-way connections are
waterfalls or very shallow water
dropping into the main channel at
the mouths of streams. One-way
connections block access for main
channel fishes to enter streams, but
allow stream fishes to enter the
main channel. Isolated aquatic
habitat has no water passageways
connecting it to the main channel.
During the dry season, many
isolated aquatic habitats hold water
at levels that are higher than stages
in the main channel. A sill, or
controlling sill, is that part of a
streambed that determines the
elevation of the water connection
between the upstream and down-
stream parts of a stream, or
between a stream and the main
channel. Still-water habitat is any
aquatic habitat with nonflowing
water.



A floodplain stream is any
conduit of periodically or continu-
ously moving water in the flood-
plain that is of sufficient size and
development to have a recogniz-
able channel with bed and banks.
Perennial streams flow continu-
ously and intermittent streams
flow only during part of the year.



When intermittent streams are not
flowing, their streambeds may be
filled with water, may be partially
exposed with isolated pools
remaining in parts of the bed, or
may completely lack any surface
water. Loop streams (which can
be perennial or intermittent) are fed
by flow diverted from the main
channel that flows for a few miles
through the floodplain and then
back into the river farther down-
stream. A floodplain lake is an
open body of water that is not
flowing except during floods when
river water is moving through the
floodplain in a general downstream
direction. Tributary lakes are
open bodies of water in the flood-
plain that have characteristics of
both streams and lakes. They
usually have little or no flow
during very low, low, and medium
river flows. Most tributary lakes
are connected to the main channel
during low river flows. The linear
conformations of tributary lakes
suggest that they may be aban-
doned main channel courses of the
Apalachicola River. One of the
larger examples of a tributary lake
is Iamonia Lake (cover of this
report; fig. 2) which is approxi-
mately 5 mi in length and is nearly
as wide and deep as the main river
channel in some places. Tributary
lake systems often have connector
streams that divert flow from the
main channel into the tributary
lake. Tributary lakes and many
other streams and lakes are affected
at times by backwater, which
means that either river water has
moved into the stream or lake from
the main channel, or flowing water
in the stream or lake is retarded in
its course by water in the main
channel.
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he primary results of the study
are quantitative estimates of



the amount of aquatic habitat in the
floodplain in relation to the full
range of river flows. These
estimates can be used by water
managers to determine changes in
habitat that may result from flow
alterations. Flow reductions during
droughts are of particular concern;
they can decrease availability of
aquatic habitat in the floodplain at
a time when the amount of habitat
is already at a minimum. During
low and very low flows, aquatic
habitats in the floodplain that are
most affected by changes in river
flows are streams and lakes. Most
forested areas are not inundated
except during higher flows. In an
effort to address concerns about
impacts during droughts, field data
collection in this investigation was
designed to focus on streams and
lakes.



Estimates of the amount of
aquatic habitat in relation to flow
were made for every stream and
lake that is connected to the main
channel of the Apalachicola River
during very low, low, and medium
flows. The areal extent of aquatic
habitat in floodplain forests was also
quantified in this investigation, but
with less specific methods than
those used for streams and lakes.
Representative floodplain forest
data were generalized for each
major reach of the river, rather than
calculated with site specific esti-
mates. Most of the floodplain forest
data used in this report were col-
lected in previous studies (Leitman,
1978, 1984; Leitman and others,
1983; Mattraw and Elder, 1984;
Light and Darst, 1997).



METHODS OF STUDY



T



Intensive Study Areas and
General Survey Sites



Data collection in this study
focused on floodplain streams and
lakes that were connected to the
main channel of the Apalachicola
River at low and medium flows.
Measurements and observations
were made at intensive sites many
times throughout the study period,
but usually only once at general
survey sites.



Four intensive study areas
were selected to represent major
types of floodplain streams in the
upper, middle, and nontidal lower
reaches of the river (fig. 2). In the
floodplain of the upper reach,
which extends from river mile 77.4
to 106.3, there are many perennial
and intermittent streams that
receive water from upland
streams. Intensive study areas were
selected in the upper reach at Flat
Creek to represent perennial
streams and at Johnson Creek to
represent intermittent streams. Flat
Creek has a drainage area of 52 mi2



(Foose, 1981) most of which lies
east of the floodplain of the
Apalachicola River. For its most
downstream 2 mi, Flat Creek flows
through the river floodplain and
joins the Apalachicola River at
river mile 99.6. Johnson Creek
receives intermittent drainage
from upland streams west of the
Apalachicola River floodplain. For
its most downstream 1.5 mi,
Johnson Creek lies in the river
floodplain, joining with the inter-
mittent drainage of another smaller
unnamed stream before it joins the
Apalachicola River at river
mile 94.0.



Large tributary lakes
affected by backwater from the
Apalachicola River are the most
prominent hydrologic features in
the floodplain of the middle reach



(river mile 42 to 77.4) and lower
reach (river mile 20.6 to 42). Iamo-
nia Lake (mouth at river mile 55.8)
and its associated tributaries were
selected as an intensive study area
to represent tributary lake systems
in the middle reach. River Styx
(mouth at river mile 35.3) and its
associated tributaries were
selected as an intensive study area
to represent tributary lake systems
in the nontidal lower reach. During
low river flows, both Iamonia Lake
and River Styx receive little water
from upland drainage (probably
less than 1 ft3/s).



Approximately 300 general
survey sites were located at the
mouths of most floodplain streams
that met at least one of the follow-
ing criteria: (1) streams were
shown on USGS 7.5-minute quad-
rangle maps; (2) streams were
apparent on 1:65,000 scale color
infrared aerial photographs taken
November 1979 by National
Oceanic and Atmospheric Admin-
istration; or (3) streams were
observed in the field to have
streambed elevations low enough
to be connected to the main river
channel during very low, low, or
medium flows. Most general
survey sites were located at mouths
of streams tributary to the Apalach-
icola River; however, some sites
were located at mouths of streams
tributary to the lower Chipola
River and a few of the large tribu-
tary lakes, such as Florida River
and Kennedy Creek (fig. 2).



Hydrologic Data Collection
and Analysis



Hydrologic data for the study
were obtained from four long-term
surface-water gaging stations
located on the Apalachicola River
(fig. 2) at Chattahoochee (station
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number 02358000), near Blount-
stown (station number 02358700),
near Wewahitchka (station number
02358754), and near Sumatra
(station number 02359170). At
the Chattahoochee gage, nearly-
continuous daily stage data were
collected by the National Weather
Service (NWS) from October 1921
until September 1928, and daily
stage and flow data have been
collected by the USGS from
October 1928 to the present (1995).
A regression relation between daily
stages measured at the Blount-
stown gage and 1-day lagged daily
stages at the Chattahoochee gage
was used to estimate stages at the
Chattahoochee gage for missing
NWS stage data prior to 1929.
Daily discharge data were esti-
mated for the period 1922-28
using the NWS stage data and a
composite pre-entrenchment stage-
discharge rating for Chattahoochee
based on 190 discharge measure-
ments made from 1929 to 1951
(Light and others, 1993). Daily
stage data for the Apalachicola
River near Blountstown were
collected by the NWS from 1920 to
1957 and by the USACE (Mobile
District) from 1957 to the present.
Missing data at the Blountstown
gage were estimated using the
Chattahoochee-Blountstown
regression relation. Daily stage
data for the Apalachicola River
near Wewahitchka were collected
by the USACE from October 1955
to September 1957 and October
1965 to the present. Daily stage
and flow data for the Apalachicola
River near Sumatra were collected
by the USGS from September 1977
to the present. Flows below
15,000 ft3/s at the Sumatra gage
(river mile 20.6) are generally
affected by tides. Tidal fluctuation
is approximately 0.5 ft at very low



flows. Tidal effects do not occur at
river mile 36 or at the Wewa-
hitchka gage (river mile 42). In this
report, the lower reach of the study
area was considered to be nontidal
because tidal effects are minor at
the downstream end of the reach
and absent in the upper part of the
reach.



Records at the Chatta-
hoochee gage were selected for
analysis of long-term flow because
of the location of the gage at the
head of the Apalachicola River, the
long period of record available
(1922-95), and the continuity of the
data. A variety of monthly, annual,
and multiple-year duration tables
of daily mean flows for the period
of record were generated. Nonex-
ceedance durations (durations that
flows were below given flow
values) were calculated for flows of
4,000 to 16,000 ft3/s. Exceedance
durations (durations that flows
were above given flow values)
were calculated for flows of 16,000
to 200,000 ft3/s. Annual and multi-
ple-year durations calculated for
flows of 4,000 to 16,000 ft3/s were
based on climatic years from
April 1 to March 31 to avoid split-
ting low flow periods that typically
occur in summer and fall. Annual
durations calculated for flows of
16,000 to 200,000 ft3/s were based
on water years from October 1 to
September 30 to avoid splitting
high flow periods that typically
occur in winter and spring. Annual
nonexceedance durations for flows
of 4,000 to 16,000 ft3/s were calcu-
lated two ways: (1) greatest num-
ber of consecutive days per year,
and (2) total number of days per
year that flows were below given
flow values. All remaining dura-
tions were calculated based on total
number of days per year (which are
not necessarily consecutive).



Statistical analyses of duration
tables were conducted to generate
frequency information (medians
and percentiles).



Stage-discharge ratings
reflecting channel conditions prior
to entrenchment and present
(entrenched) channel conditions
were developed at both the
Chattahoochee and Blountstown
gages. The composite pre-
entrenchment stage-discharge
rating for 1929-51 (described
previously) was used at Chatta-
hoochee. The pre-entrenchment
stage-discharge rating for Blount-
stown was based on pre-entrench-
ment stage at Blountstown from
1929 to 1951 in relation to 1-day
lagged flow at Chattahoochee.
For present conditions at Chatta-
hoochee, the 1995 stage-discharge
rating was used. For present condi-
tions at Blountstown, unit values
at Blountstown were plotted in
relation to flow at Chattahoochee
using a variety of lag times. The
plot with the least amount of
scatter (17 hours) was selected
and a rating representing average
conditions was developed from a
hand-fitted line drawn through the
points on the plot.



Water-level measurements
at intensive study areas were made
periodically at a total of 56 refer-
ence point (RP) locations: 23 in the
upper reach (8 on Flat Creek, 3 on
the main channel near Flat Creek, 2
in an isolated swamp near Flat
Creek, and 10 on Johnson Creek),
14 in the middle reach (10 on
Iamonia Lake and associated tribu-
taries, 3 on the main channel near
Iamonia Lake, and 1 on a pond
near Iamonia Lake), 19 in the non-
tidal lower reach (14 on River Styx
and associated tributaries, 4 on the
main channel near River Styx, and
1 in an isolated swamp near River
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Styx). RP locations are identified
on maps of the intensive study
areas in a previous report (Light
and others, 1995, figs. 2-5). Nails
in trees were used as the fixed
point from which water levels were
measured with a tape and weight.
A total of 471 water-level measure-
ments were made at RP locations
from June 1993 to September
1994. Most of the RP measure-
ments were made during very low,
low, or medium flows; however, a
few measurements were made at
higher flows to establish an
approximate elevation relative to
sea level for each RP. Visual obser-
vations of the movement of float-
ing debris were used to estimate
velocity (to nearest 0.2 ft/s) at
floodplain RPs at the same time
that most water-level measure-
ments were taken.



Daily or hourly stage and
flow data and stage-discharge rat-
ings at all four long-term gages and
an additional gage at river mile 36
(station number 023587547,
approximately 8 mi downstream of
the Wewahitchka gage) were used
in conjunction with water-level
measurements at the RP locations
to determine relations between
flow at the Chattahoochee gage and
stage at intensive study areas. For
streams and lakes at the general
survey sites, stage-discharge rat-
ings relating stage at representative
locations in each major reach of the
river to flow at Chattahoochee were
developed by interpolation
between gages. The representative
rating for the upper reach was
selected at river mile 94.1 (mouth
of Johnson Creek) and for the mid-
dle reach at river mile 58.7 (near
Iamonia Lake). Two ratings were
chosen for the nontidal lower
reach, one at river mile 35.2
(mouth of River Styx) for the



upstream half of the lower reach,
and one at river mile 26.0 (mouth
of Kennedy Creek) for the down-
stream half of the lower reach. A
representative rating for pre-
entrenchment conditions in the
upper reach at river mile 94.1
(mouth of Johnson Creek) was
developed by interpolation
between pre-entrenchment ratings
at the Chattahoochee and Blount-
stown gages. Previously published
ratings (Leitman and others, 1983,
fig. 16) were used for some of the
floodplain forest data in the upper
reach. Ratings were developed by
interpolation between gages for all
other forest data.



The flow at Chattahoochee at
which each floodplain stream and
lake was connected to the main
channel was estimated from field
observations by the following
method. A single field visit was
made to each of the 300 general
survey sites to determine the differ-
ence between the water level of the
Apalachicola River and the eleva-
tion of the streambed (or control-
ling sill if present). An elevation
for the river level at each observa-
tion site was determined by
calculating lagged flow at
Chattahoochee at the time of the
observation. This flow was
converted to stage using the repre-
sentative rating for the appropriate
reach of the river. For streams
connected to the river at the time of
the observation, depths were deter-
mined by poling with a graduated
rod in shallower areas and with a
depth sounder in deeper areas. For
streams not connected at the time
of observation, visual estimates of
the elevation (to nearest 0.5 ft) of
the streambed or controlling sill
above the river level were made at
most sites. A hand level and gradu-
ated rod were used when the sill



was too far from the river to esti-
mate visually. An example of a
general survey site, at which the
connecting flow was determined by
adding the elevation of the stre-
ambed to the connecting stage, is
shown in figure 3.



Field observations at most
general survey sites were used in
conjunction with lagged discharge
at the Chattahoochee gage at the
time of the field visit to determine
Chattahoochee flows at which
streams were connected to the main
channel. A variation of this method
was required in the downstream
half of the nontidal lower reach
because of variability introduced
by the greater distance from
Chattahoochee and the input
from the Chipola River. Relations
between flow at Chattahoochee and
stage at the Sumatra gage were
determined for average conditions
by drawing a hand-fitted line
through a scatter plot of Sumatra
daily mean stages for the period
of record in relation to lagged
Chattahoochee flow. Stages at the
Sumatra gage at the time of field
observations in the downstream
half of the nontidal lower reach
were converted to average
Chattahoochee flows using this
rating. All field observations for
this part of the lower reach were
made during periods when stages at
the Sumatra gage were not showing
tidal fluctuations.



Characterization of
Floodplain Habitats



Characterization data of
floodplain habitats included widths
and lengths (or areas) of floodplain
features, land surface elevations,
general soil type, and amount of
live or dead vegetative structure.
Methods used to characterize
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streams and lakes were different
than those used to characterize
forests.



Floodplain streams and
lakes.--Characterization data were
collected at 27 cross-section
locations in the intensive study areas.
Cross-section locations were selected
to represent the most common types
of floodplain streams (based on
stream width and general forest type
bordering the stream) in each major
reach of the river, as determined
from color infrared aerial photo-
graphs and USGS quadrangle maps.
Of the 27 cross sections, there were 6
in the upper reach (3 on Flat Creek
and 3 on Johnson Creek), 9 in the
middle reach (3 on Iamonia Lake and
6 on tributaries of Iamonia Lake),
and 12 in the nontidal lower reach (6
on River Styx and 6 on tributaries of
River Styx). Cross-section locations
are identified on maps of the inten-
sive study areas in a previous report
(Light and others, 1995, figs. 2-5).



Most of the cross sections
established on floodplain streams
were perpendicular to the channel,
with end points at recognizable top-
of-bank elevations on either side of
the channel (fig. 4). In some cases
where streambanks were very low,
cross sections included several hun-
dred feet of low forest adjacent to
the stream. Surveyed cross sections
ranged in length from 50 to 1,300 ft.
Length of all 27 cross sections
totaled approximately 7,000 ft.



At the time of the survey,
cross sections were divided into
segments based on breaks in slope,
or relatively homogeneous soil
type or vegetative structure (fig. 4).
The horizontal length of each
segment was measured with a
fiberglass measuring tape. Vertical
elevation in relation to the water
level was determined at the end-
points of each segment with a



Figure 3. Example of general survey site with floodplain stream disconnected
from the Apalachicola River at the time of observation. This unnamed stream
at river mile 59.7 in the middle reach of the river had a streambed
approximately 3.5 feet above the water level of the river when lagged flow was
9,600 cubic feet per second at the Chattahoochee gage. Using a stage-
discharge rating representative of the middle reach of the river, the flow at the
Chattahoochee gage at which this stream would be connected to the main
channel was determined to be about 16,000 cubic feet per second.
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tripod-mounted level and gradu-
ated rod. Elevations of the two end-
points of each segment were
averaged to determine the segment
elevation that was used in data
analysis. General soil type in each
segment was classified as silt/clay,
sandy, or organic. The amount of
vegetative structure was visually
estimated for each segment from
the percent of the segment length
that intersected live vegetation,
woody debris, or other vegetative
matter within 3 ft of the ground.
Vegetative structure was recorded
in the following categories: less
than 15 percent, 15 to 35 percent,
35 to 65 percent, 65 to 85 percent,
and greater than 85 percent.



Observations at other loca-
tions in intensive study areas and at
most general survey sites included
visual estimates (to nearest 1 ft) of



Figure 4. Example of cross section divided into segments based on breaks in
slope and relatively homogeneous vegetative structure.  Soil type is silt-clay in
all segments of the cross section.  The estimated stages shown for the cross
section were based on long-term flow statistics at the Chattahoochee gage
(1922-95) and were determined by interpolation between gages. An
adjustment was made to the estimated stage for the median annual 1-day low
flow to reflect the lowest observed water level at the cross section. The cross
section is located 1,450 feet upstream of mouth of Johnson Creek in the upper
reach of the Apalachicola River.
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the width of the streambed (seg-
ment numbers 7-10 in fig. 4), width
of the remaining channel to top of
banks (segment numbers 1-6 and
11-15 in fig. 4), heights of banks,
and presence or absence of water in
the streambed.



Widths of the larger streams,
lengths of all streams, and surface
areas of all lakes were determined
using map coverages and digital
image data in GIS files. Other types
of information such as drainage
basin configuration and extent, and
adjacent forest types were obtained
from GIS files when needed to
characterize parts of streams that
were not observed in the field. GIS
files contained digital image data
consisting of 1979 color infrared
aerial photography scanned at a
resolution having a pixel size of
5.9 ft on the ground, and map



coverages consisting of USGS
7.5-minute quadrangle maps and a
forest map of the Apalachicola
River floodplain (Leitman, 1984).



Floodplain forests.--Most
of the floodplain forest data used in
this report were collected during a
USGS study from 1979 to 1982
known as the Apalachicola River
Quality Assessment (ARQA).
Results of this previous study
included land surface elevations
and forest types at 223 sample
points located on 7 line transects
crossing the Apalachicola River
floodplain (Leitman and others,
1983, fig. 34) and a map showing
areal extent of forest types
(Leitman, 1984). Major floodplain
forest types in these reports were
mixed bottomland hardwoods and
tupelo-cypress. Other sources of
forest data used to supplement the
ARQA data were land surface
elevations, general soil type, vege-
tative structure, and forest types on
the forested parts of 5 of the
27 cross sections at the intensive
study areas (in the present study);
land surface elevations, vegetative
structure, and forest type on
21 circular plots located at the
intensive study areas (Light and
Darst, 1997); and land surface
elevations, soil type, and forest
types at 2 belt transects located
near the Blountstown and
Wewahitchka gages (Leitman,
1978).



Land surface elevations, soil
type, and vegetative structure for
each forest type in each major reach
of the river were summarized from
the various sources of data listed
above. Estimates of soil type by for-
est type were made using soils data
reported by Leitman (1978), sedi-
ment grain size data for ARQA sites
(Mattraw and Elder, 1984, p. 61),
and general soil type observations











Methods of Study 13



collected on the forested parts of the
cross sections at the intensive study
areas (in the present study). Esti-
mates of percent cover of vegetative
structure by forest type were made
using structure data collected on the
forested parts of the cross sections
at the intensive study areas and at
forest plots described by Light and
Darst (1997).



Figure 5. Flowchart for determining amount of aquatic habitat in floodplain streams, lakes, and forests in relation to
flows in the Apalachicola River.  (ARQA, Apalachicola River Quality Assessment; GIS, Geographic Information System)
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The previously published
map of forest types (Leitman,
1984) was digitized for use in GIS.
Minor corrections to polygon
boundaries were made to adapt the
map to the more detailed scale used
in GIS coverages in this study.
Areas of each forest type in each
reach were computed from the new
GIS version of the map.



Computations of Amount
of Aquatic Habitat in
Relation to River Flow



Final products of this investi-
gation consisted of amounts of
aquatic habitat in relation to river
flow presented in a variety of for-
mats (fig. 5). These products were
generated by combining habitat
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characterization with hydrologic
data.



Final results are expressed in
relation to river flow rather than
stage, although stage is more
directly related to hydrologic con-
ditions in floodplain habitats than
flow. River stages decline as the
river flows downstream from the
upper to lower end of the study
area, and range in stage decreases
as the floodplain gets wider and
flatter near the coast. Thus, rela-
tions of floodplain habitats to river
stage cannot be easily compared
between sites on the river and can-
not be summarized by reach or for
the entire river. Flow, on the other
hand, is relatively consistent
throughout much of the river and
flow relationships can be estab-
lished between reaches. Addition-
ally, expressing results in terms of
flow at the head of the river makes
the results directly usable for water
managers in determining releases
from Jim Woodruff Dam and other
upstream reservoirs. In this report,
elevations of floodplain habitats
were initially related to stage and
then stage was converted to flow to
allow comparisons and summaries
of data from different sites.



Area of aquatic habitat was
calculated for 36 discrete flow val-
ues which were selected to provide
greater detail at very low, low, and
medium flows, and lesser detail at
higher flows. Flow values used in
this analysis were set at intervals of
1,000 ft3/s, from 2,000 to
23,000 ft3/s. Intervals gradually
increased with increasing flows;
remaining flow values were set at
25,000, 27,000, 29,000, 31,000,
33,000, 35,000, 40,000, 45,000,
55,000, 65,000, 75,000, 100,000,
140,000, and 200,000 ft3/s. This set
of flow values represents the full
range of flows in the Apalachicola



River from extreme low to extreme
high. The lowest daily mean flow
at the Chattahoochee gage in
the 74-year period of record was
3,900 ft3/s (Nov. 15-16, 1987)
and the lowest instantaneous flow
was 2,570 ft3/s (Aug. 6, 1986).
Extremely low flows of 2,000 ft3/s
are included to provide habitat data
in the event that a decreasing trend
in flows occurs in the future.



Three variables were chosen
to characterize hydrologic condi-
tions in aquatic habitats in relation
to river flow because of their
importance to fish and aquatic
invertebrate populations: depth,
connection depth, water velocity,
general soil type, and vegetative
structure. Depth indicates average
water depth of the habitat, whereas
connection depth is the depth of the
water at the shallowest control
point along the connecting pas-
sageway from the habitat to the
main river channel. For many habi-
tats, depth and connection depth
have the same value, but in isolated
pools and ponds at low flows,
depths are sometimes 1 to 3 ft
when connection depth is zero.
Depths and connection depths were
grouped into five categories for
analysis: 0.01 to 0.49, 0.50 to 0.99,
1.00 to 2.99, 3 to 6, and greater
than 6 ft. Two additional categories
were used for connection depth:
1-way connection (preventing
access for fishes from river to
floodplain) and no connection.
There were three categories for
water velocity: 0, 0.1 to 0.5, and
greater than 0.5 ft/s.



Floodplain streams and
lakes.--All floodplain streams and
lakes connected to the main chan-
nel at very low, low, and medium
flows were divided into reaches
that were relatively homogeneous
with regard to channel width and



thalweg depth. One of the cross
sections from an intensive study
area in the same major reach of the
river was selected and modified to
represent each homogeneous
stream reach. Modifications
included changes in elevation,
channel width, thalweg depth, bank
heights, soil type, or vegetative
structure. Most floodplain lakes
were linear in shape, allowing
cross sections from large streams to
be used, with modifications, to
represent lakes. Dimensions and
characteristics for many reaches
were determined by field observa-
tions. For each stream reach that
was not observed in the field, a
known reach that appeared similar
to the unknown reach on aerial
photos and maps was identified,
and a cross section from the known
reach was applied.



Using the representative
ratings for each major reach of the
river, and the flow at Chattahoochee
at which each floodplain stream and
lake was connected to the main
channel (described in the section
entitled “Hydrologic data collection
and analysis”), cross-section eleva-
tions were related to flow at Chatta-
hoochee. When river flows
exceeded the connecting flow for a
stream or lake, depths were calcu-
lated for each individual segment of
the cross section by comparing the
segment elevation to stages in the
representative rating. Similarly, con-
nection depths were calculated for
cross-section segments by compar-
ing the controlling sill elevation to
stages in the rating. When river
flows were below the connecting
flow, all cross-section segments
were disconnected from the main
river channel. For each cross
section, the area and depth of iso-
lated pools (if any) when the stream
or lake was disconnected was
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estimated based on observations of
that stream reach or similar reaches.
Velocities were estimated for each
stream reach and for each flow
value based on field observations of
that stream reach or similar reaches.



For each segment of the
cross section, the segment width
was multiplied by the length of the
stream reach to determine the area
in acres. All area data were sum-
marized for each major reach of the
river, and the resulting data file
contained the area in acres of many
different aquatic stream and lake
habitats, each with a unique combi-
nation of characteristics (soil type,
vegetative structure, depth, connec-
tion depth, and velocity) at each of
the 36 flow values.



Floodplain forests.--Each
forest transect had a stage-
discharge rating relating stage at
the transect with flow at Chatta-
hoochee. Transects were divided
into segments based on elevations
that corresponded to stages in the
rating for each of the 36 flow inter-
vals. The flow at which each seg-
ment of the transect was inundated
and connected to the main channel
was determined using the appropri-
ate rating. When river flows
exceeded the connecting flow for a
transect segment, depths were
calculated for the segment by com-
paring the segment elevations to
stages in the rating. When river
levels were below the connecting
flow, the segment was considered
to be nonaquatic, unless the
transect had been observed (either
in this study or in previous studies)
to have isolated pools of standing
water during the dry season.



Water velocities were esti-
mated for each forest type and for
each flow value based on field
observations of velocities in that
forest type in this or previous stud-
ies. Estimates of soil type and veg-
etative cover were determined for



each forest type using methods
described previously.



For each major reach of the
river, lengths of inundated transect
segments of each forest type in
each elevation category were sum-
marized and then converted to the
percentage of the total transect
length in that forest type. Percent-
ages were then multiplied by the
total area of each forest type in
each major reach of the river. The
resulting data file contained the
area, in acres, of many different
aquatic forest habitats, each with a
unique combination of characteris-
tics (soil type, vegetative structure,
depth, connection depth, and veloc-
ity) at each of the 36 flow values.



Analysis of combined data
for streams, lakes, and forests.--
Areal data for streams and lakes
were merged with areal data for
forests for each major reach of the
river and for the nontidal river as a
whole. Analyses of the data were
conducted to generate final prod-
ucts in three different formats
(fig. 5): (1) a list of lengths and
locations of individual streams and
lakes connected at very low, low,
and medium flows; (2) flow-area
curves showing the area of aquatic
habitat in relation to the full range
of flows at Chattahoochee for a
variety of habitat characteristics;
and (3) maps generated from GIS
coverages for each major reach of
the river showing streams, lakes,
and forests connected to the main
river channel at selected low,
medium, and medium-high flows.



ydrologic conditions are a pri-
mary factor in the creation



and maintenance of river flood-
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plains. River flow builds floodplain
features such as levees and ridges
by depositing sediments during a
flood. Floodplain streams and lakes
are created from old river channels
when the river changes course.
River flow erodes the banks and
beds of floodplain streams when
velocities are high enough to scour
sediments and carry them down-
stream. Changes in river stage
alternately connect and disconnect
floodplain water bodies, changing
the conditions for fishes and
aquatic invertebrates, as well as for
vegetation and other biota. In this
section of the report, duration and
frequency statistics of the long-
term flow record of the Apalachi-
cola River based on monthly,
annual, and multiple-year periods
of analysis are presented. This
information is important in assess-
ing impacts of flow alterations
because it can be used to make
comparisons between altered flows
and historical flows. This section
ends with a discussion of altered
stages that have occurred as a result
of entrenchment in the upper river.



All statistical analyses were
based on daily mean flows of the
74-year period of record at
Chattahoochee, Fla., from 1922 to
1995. Previous hydrologic analyses
conducted on flow records through
the year 1980 compared flows
before and after construction of Jim
Woodruff Dam, and concluded that
climatic fluctuations were prima-
rily responsible for higher flows
after construction of the dam
(Maristany, 1981; Leitman and oth-
ers, 1983). The river experienced
periods of severe drought immedi-
ately following those analyses;
annual low flows in 1981, 1986,
1987, and 1988 were lower than in
all previous years for the period of
record. This raises the possibility
that flows are exhibiting a slightly
decreasing trend over time;
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74-year period of record the
median flow of the Apalachicola
River at Chattahoochee was
approximately 16,400 ft3/s, with a
typical annual range of flows from
8,490 to 86,200 ft3/s (table 1). The
lowest daily mean flow in the
period of record was 3,900 ft3/s in
November 1987, and the highest
was 291,000 ft3/s in March 1929.



Very Low to Medium Flows



The greatest number of
consecutive days and total number
of days per year that flows were
below given flow values (annual
nonexceedance durations) of 4,000
to 16,000 ft3/s for the period
1922-95 are presented in table 2.
The durations that occurred under
normal or typical conditions are
represented by the median dura-
tions. Durations in drier years are
represented by the 10th- and 25th-
percentile durations, and in wetter
years by the 75th- and 90th-percen-
tile duration. The greatest number
of consecutive days and total num-
ber of days in each individual year
from 1922 to 1995 are presented in
appendix IA and IB, respectively.



In a typical year, daily mean
flows less than 8,000 ft3/s did not
occur in the Apalachicola River at



Table 1. Basic flow characteristics of Apalachicola River at Chattahoochee, Florida, 1922-95
[Median annual 1-day low flow is based on annual periods using climatic years of April 1–March 31 to avoid splitting low flow periods that typically occur
in summer and fall. Median annual 1-day high flow is based on annual periods using water years of October 1–September 30 to avoid splitting high flow
periods that typically occur in winter and spring]



Flow descriptor Flow value, in cubic feet per second
(with dates of lowest and highest flows)



Flow records used in analysis



Number of
years Period analyzed



Lowest 1-day flow 3,900 (November 15-16, 1987) 74.5 October 1921–March 1996



Median annual 1-day low flow 8,490 74 April 1922–March 1996



Median flow 16,400 74.5 October 1921–March 1996



Median annual 1-day high flow 86,200 74 October 1921–September 1995



Highest 1-day flow 291,000 (March 20, 1929) 74.5 October 1921–March 1996



however, low flows during the
1950’s drought were of longer
duration than in the 1980’s. Com-
parisons of the two drought periods
will be discussed later in this sec-
tion. Trend analysis with an exami-
nation of associated climatic
differences is needed to determine
if a trend exists. In the absence of a
documented trend, the entire period
of record was preferred for analysis
of flow characteristics.



Because of both the possible
trend in the record and the flow reg-
ulation that has occurred since con-
struction of Jim Woodruff Dam, the
use of predictive frequency statistics
such as recurrence intervals was
avoided in this study. Frequency
information is instead described in
terms of median and percentiles of
flows that have occurred during the
74-year period of record. In unregu-
lated streams having long-term
record with no trends, the median
flow is approximately equivalent to
the 2-year recurrence interval flow,
and the 10th, 25th, 75th, and 90th
percentile flows are approximately
equivalent to the 10-, 4-, 1.33-, and
1.11-year recurrence interval flows,
respectively.



River flow fluctuates greatly
from low-water to high-water peri-
ods within each year as well as
from one year to the next. In the



Chattahoochee. Flows less than
9,000 ft3/s occurred in a typical year
with a duration of 6 consecutive
days or 13 total days. Flows less
than 16,000 ft3/s occurred for 93
consecutive days or 179 total days
(approximately half of the year).



Flows less than 8,000 ft3/s
occurred in 34 of the 74 years of
record (app. I). Flows less than
8,000 ft3/s occurred with a duration
of 64 consecutive days at the 10th
percentile, and 20 consecutive days
at the 25th percentile (table 2).
Flows less than 6,000 ft3/s occurred
in 15 years of the period of record.
Flows under 5,000 ft3/s were rare,
occurring in only 4 years in the
74-year period of record (1981,
1986, 1987, and 1988). Flows
under 4,000 ft3/s were exception-
ally rare and occurred for only
3 days in 1987 (table 2; app. I).



In 19 of the 74 years of
record, flows less than 10,000 ft3/s
did not occur (app. I). In the two
wettest years (1948 and 1975), the
lowest daily mean flow was
12,400 ft3/s.



Normal and extreme flows
must be defined to understand
known limits of hydrologic condi-
tions that have been experienced by
biological communities in the sys-
tem. For example, some streams
are continuously connected and
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Table 2. Greatest number of consecutive days and total number of days per year
that flow was below given flow values from 4,000 to 16,000 cubic feet per second
in the Apalachicola River at Chattahoochee, Florida
[Period of record analyzed is 1922-95. Analysis is based on climatic years of April 1–March 31 to
avoid splitting low-flow periods that typically occur in summer and fall. In each column, durations are
expressed first (in bold) in greatest number of consecutive days per year, and second (in italics) in total
number of days per year, which are not necessarily consecutive. Percentiles indicate frequency of dura-
tions over 74-year period of record]



Flow
value, in
cubic feet



per second



Greatest number of consecutive days and total number of days per year that
flow was below given flow value for indicated percentile



Extreme
(dry)



10th
percentile



25th
percentile



Median
(50th



percentile)



75th
percentile



90th
percentile



Extreme
(wet)



4,000 3 3 0 0 0 0 0 0 0 0 0 0 0 0



5,000 20 29 0 0 0 0 0 0 0 0 0 0 0 0



6,000 64  67 12 14 0 0 0 0 0 0 0 0 0 0



7,000 80 115 49 68 5 8 0 0 0 0 0 0 0 0



8,000 122 166 64 96 20 36 0 0 0 0 0 0 0 0



9,000 144 208 81 137 45 63 6 13 0 0 0 0 0 0



10,000 192 227 98 157 60 95 19 37 0 0 0 0 0 0



11,000 241 241 110 182 76 133 29 65 9 15 0 0 0 0



12,000 244 261 138 205 105 155 52 92 19 46 7 13 0 0



13,000 256 283 163 227 109 178 61 120 27 72 16 27 2 5



14,000 286 291 179 242 123 197 71 139 36 93 27 41 3 11



15,000 292 303 205 259 129 214 82 160 52 115 32 76 5 17



16,000 293 308 211 267 138 229 93 179 57 130 39 89 8 31



flowing under normal and even
drier than normal conditions, but
are disconnected and become a
series of stagnant, isolated pools
during severe droughts. Fish and
aquatic invertebrate populations
that require flowing, oxygenated
water are greatly reduced during
droughts and may not be fully
restored for years, depending upon
the resiliency of individual species,
the proximity of aquatic habitat
that might provide a source for
restocking, and the amount of
recovery time before the next
drought (Starrett, 1951; Larimore
and others, 1959; Taylor, 1983).



Year-to-year variability is an
important aspect of hydrologic
fluctuation that affects the opportu-
nity for recovery between
droughts. The year-to-year vari-
ability of lower flows is graphically
depicted in figure 6, which shows
the lowest 5 percent of daily mean



Figure 6. Lowest 5 percent of daily mean flows in the Apalachicola River at Chattahoochee, Florida, 1922-95.
The 1,350 daily mean flows depicted in this graph were not affected by filling of the reservoir at Lake Seminole except for
2 days with daily means of 7,060 ft3/s in 1954. Almost all reservoir filling occurred during periods when flows were greater
than 8,000 ft3/s (U.S. Army Corps of Engineers, 1985).
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Table 3. Number of days per year for multiple-year periods that flow was below
given flow values from 4,000 to 16,000 cubic feet per second in the
Apalachicola River at Chattahoochee, Florida
[Period of record analyzed is 1922-95. Analysis is based on climatic years of April 1–March 31 to
avoid splitting low flow periods that typically occur in summer and fall. Durations are expressed in
total number of  days per year, which are not necessarily consecutive]



Flow value,
in cubic feet per



second



Median duration in which flow was below given
flow value, in number of days per year



for multiple-year period



Two
consecutive



years



Three
consecutive



years



Four
consecutive



years



Five
consecutive



years



4,000 0 0 0 0



5,000 0 0 0 0



6,000 0 0 0 0



7,000 0 0 0 0



8,000 0 0 0 0



9,000 0 0 0 0



10,000 6 0 0 0



11,000 26 11 4 3



12,000 52 38 16 12



13,000 76 62 58 48



14,000 105 92 85 83



15,000 120 114 111 92



16,000 136 129 125 104



Flow value,
in cubic feet per



second



Maximum duration in which flow was below given
flow value, in number of days per year



for multiple-year period



Two
consecutive



years



Three
consecutive



years



Four
consecutive



years



Five
consecutive



years



4,000 0 0 0 0



5,000 6 6 0 0



6,000 54 11 11 0



7,000 83 42 23 0



8,000 114 101 53 4



9,000 145 139 80 31



10,000 190 177 99 63



11,000 208 199 117 83



12,000 227 214 142 122



13,000 257 248 167 138



14,000 271 258 182 160



15,000 278 268 202 174



16,000 292 273 223 182



flows in relation to time. Nonexceed-
ance durations for multiple-year peri-
ods of 2 to 5 years are shown in
table 3. The upper part of table 3
shows median durations and the
lower part shows maximum dura-
tions for all multiple-year periods in
the 74-year period of record. For
example, flows less than 9,000 ft3/s
occurred for a total of 13 days in a
typical single year (table 2), but typi-
cally did not occur for two consecu-
tive years (upper part of table 3).
Flows less than 10,000 ft3/s occurred
for a total of 37 days in a typical
single year and 6 days per year for
two consecutive years under normal
conditions, but typically did not
occur for three consecutive years. All
possible combinations of 2, 3, 4, or
5 years were used to determine the
durations in table 3. Appendix IB
gives the durations for each individ-
ual year that were used to develop
this table.



The droughts of the 1980’s
were the most severe in terms of
single-year low flow durations;
however, the 1950’s drought was
drier in terms of multiple-year dura-
tions (fig. 6; app. IB). More than
three-quarters of the maximum
multiple-year flow durations shown
in the lower part of table 3 occurred
in the extended drought period of
1954-58; most of the remaining
durations occurred during 1984-88.
Very low flows occurred at other
times from 1922-95, but typically
occurred in a single year with flows
that were not as low as in the 1950’s
or 1980’s and with a return to more
normal flows the following year.



Seasonal fluctuation is
another characteristic of river flow
that has important effects on
biological processes. Many fishes
require spawning sites in spring and
summer, and structural cover for
juveniles following spawning (Lee
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Table 4. Number of days per month that flow was below given flow values from
4,000 to 16,000 cubic feet per second in the Apalachicola River at Chattahoochee,
Florida
[Period of record analyzed is 1922-95. Durations are expressed in total number of days per month, which
are not necessarily consecutive]



Flow
value,



in cubic
feet per
second



Median number of days per month that flow was below given flow value



April May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.



4,000 0 0 0 0 0 0 0 0 0 0 0 0



5,000 0 0 0 0 0 0 0 0 0 0 0 0



6,000 0 0 0 0 0 0 0 0 0 0 0 0



7,000 0 0 0 0 0 0 0 0 0 0 0 0



8,000 0 0 0 0 0 0 0 0 0 0 0 0



9,000 0 0 0 0 0 0 0 0 0 0 0 0



10,000 0 0 0 0 0 4 10 6 0 0 0 0



11,000 0 0 0 0 0 10 18 16 0 0 0 0



12,000 0 0 2 6 6 18 23 23 4 0 0 0



13,000 0 1 8 11 13 23 29 26 10 0 0 0



14,000 0 3 11 16 17 26 31 29 14 0 0 0



15,000 0 5 15 18 22 29 31 30 15 0 0 0



16,000 0 6 19 21 24 30 31 30 19 2 0 0



Flow
value,



in cubic
feet per
second



Maximum number of days per month flow was below given flow value



April May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.



4,000 0 0 0 0 0 0 0 3 0 0 0 0



5,000 0 0 0 0 25 4 0 6 0 0 0 0



6,000 0 0 0 1 31 30 31 30 6 1 0 0



7,000 0 1 15 31 31 30 31 30 23 20 0 0



8,000 0 5 28 31 31 30 31 30 24 24 0 0



9,000 0 20 30 31 31 30 31 30 26 26 7 0



10,000 2 26 30 31 31 30 31 30 31 31 10 0



11,000 7 31 30 31 31 30 31 30 31 31 23 0



12,000 12 31 30 31 31 30 31 30 31 31 26 4



13,000 15 31 30 31 31 30 31 30 31 31 28 22



14,000 18 31 30 31 31 30 31 30 31 31 28 26



15,000 26 31 30 31 31 30 31 30 31 31 28 31



16,000 27 31 30 31 31 30 31 30 31 31 28 31



and others, 1980; Savino and
Stein, 1982). Availability of
additional food sources in
inundated forests helps fishes
meet increased energetic
needs for reproduction and
growth (Killgore and Baker,
1996). Timing of floods
affects the delivery of detrital
material from forested areas
to stream channels of the
floodplain and to the main
river channel as well as to
downstream estuarine habi-
tats, affecting the seasonal
food supply of riverine and
estuarine detritivores
(Mattraw and Elder, 1984).



Seasonal variability is
described with monthly
durations for flows from
4,000 to 16,000 ft3/s in
table 4. The upper part of
table 4 shows median flow
durations and the lower part
shows maximum flow dura-
tions for the 74-year period
of record. September, Octo-
ber, and November are typi-
cally the driest months, with
flows less than 10,000 ft3/s
for durations of 4 to 10 days
of the month. February,
March, and April are the
wettest months and typically
do not have flows less than
16,000 ft3/s. Flows during
some months such as Janu-
ary and August are highly
variable. January is among
the wettest months with
respect to its median flow
duration, but has maximum
flow durations that are con-
siderably drier. Maximum
duration of flows less than
5,000 ft3/s for August were
much longer than for any
other month.
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Table 5. Number of days per year that flow was above given flow values from
16,000 to 200,000 cubic feet per second in the Apalachicola River at
Chattahoochee, Florida
[Period of record analyzed is 1922-95. Analysis is based on water years of October 1–September 30 to
avoid splitting high-flow periods that typically occur in winter and spring. Durations are expressed in
total number of days per year, which are not necessarily consecutive. Percentiles indicate frequency of
durations over 74-year period of record]



Flow value, in
cubic feet per



second



Number of days per year that flow was above given flow value
for indicated percentile



Extreme
(wet)



25th
percentile



Median
(50th



percentile)



75th
percentile



Extreme
(dry)



200,000  9   0   0 0 0



140,000  21   0   0 0 0



100,000  27  3   0 0 0



75,000  32  10   3 0 0



65,000 46  19   6 1 0



55,000  79  33  14 4 0



45,000 100  48  30 12 0



40,000 123 60  42 18 0



35,000 151 78  61 24 0



33,000 168 88  68 29 0



31,000 177 96  75 36 0



29,000 192 110  84 38 0



27,000 205 126  95 44 0



25,000 215 141 103 53 0



23,000 241 152 113 61 1



22,000 265 164 122 74 4



21,000 287 173 132 87 16



20,000 298 178 142 91 21



19,000 312 190 154 105 29



18,000 328 205 165 125 31



17,000 331 218 176 135 38



16,000 338 240 193 143 41



Medium to High Flows



The total number of days per
year that flows were above given
flow values (annual exceedance
durations) of 16,000 to
200,000 ft3/s for the period 1922-
95 are presented in table 5.
Median durations represent typical
conditions. Wet and dry ends of



the range are reversed compared
to the nonexceedance durations of
table 2. Durations in wetter years
are represented by the 25th-per-
centile durations in table 5, and in
drier years by the 75th-percentile
duration.



In a typical year, daily mean
flows did not exceed 100,000 ft3/s.
Typical annual duration was



3 days for flows greater than
75,000 ft3/s, and 6 days for flows
greater than 65,000 ft3/s. Flows
greater than 16,000 ft3/s occurred
approximately half of the time in a
normal year.



Short periods during which
flows were above 100,000 ft3/s
occurred in 25 of the 74 years of
record. Duration of flows exceed-
ing 100,000 ft3/s at the 25th per-
centile was 3 days (table 5). Flows
above 140,000 ft3/s occurred in
12 years of the period of record.
Flows above 200,000 ft3/s were
rare, occurring in only 3 years
(1925, 1929, and 1994). The 1929
flood holds the record not only for
the highest flow (291,000 ft3/s)
(table 1), but also for the longest
duration of any flood exceeding
100,000 ft3/s (27 days).



In drier years, flows did not
exceed 75,000 ft3/s. There were
9 years in the period of record in
which the highest flows for the
year did not exceed 55,000 ft3/s.
The lowest annual 1-day high flow
was 24,300 ft3/s in 1941.



Effects of Entrenchment on
Stage in the Upper Reach



Entrenchment or riverbed
degradation is a typical process
that occurs downstream of dams in
the first 1 to 3 decades after dam
construction (Galay, 1983; Ligon
and others, 1995). Coarse sedi-
ments carried downstream along
the riverbed are trapped in the res-
ervoir behind the dam. Water lack-
ing coarse sediments is released
below the dam and tends to erode
the riverbed, lowering the eleva-
tion of the bed. The rate of
entrenchment of the Apalachicola
River at Chattahoochee was great-
est from 1954 to the late 1960’s
(fig. 7). An additional decrease in
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Table 6. Decrease in stage in upper reach of Apalachicola River as a
result of entrenchment
[Chattahoochee gage is at the upstream end and Blountstown gage is at the down-
stream end of upper reach. Decrease in stage represents the amount that stages have
dropped for a given flow from pre-entrenchment conditions existing prior to 1954 to
present (1995) conditions. Values were computed from stage-discharge ratings for pre-
entrenchment and current conditions at each gage]



Flow range,
in cubic feet per second



Decrease in stage as a result of
entrenchment, in feet



At Chattahoochee
gage



At Blountstown
gage



4,000 to 15,000 4.8 1.9



16,000 to 35,000 4.7 1.9



36,000 to 75,000 4.0 1.5



76,000 to 100,000 3.3 1.0



101,000 to 150,000 2.2 0.6



Greater than 150,000 <1.5 <0.6



stage of approximately 1 ft
occurred around 1981. Entrench-
ment appears to have stabilized
since then, as no additional
decrease in stage is apparent from
1981 to 1995. This agrees with a
previous analysis conducted by
Simons, Li and Associates, Inc.
(1985), except that an aggrada-
tional trend since 1981 noted by
those authors is not apparent in the
more recent analysis depicted in
figure 7.



Effects of entrenchment
decrease with increasing flow and
with distance downstream of the
dam (table 6). Decreases in stage
as a result of entrenchment
averaged 4.8 ft at the Chatta-
hoochee gage, and 1.9 ft at the
Blountstown gage at low and
medium flows. Effects of entrench-
ment appear to be restricted to the



Figure 7. River stages during low flows in the Apalachicola River at Chattahoochee, Florida, 1929-95. Data points shown
include all daily mean stages in the 67-year period that have corresponding flow values between 9,500 and 10,500 cubic
feet per second using the stage-discharge rating in effect at the time. Data prior to 1929 are not shown because no
discharge measurements were made prior to 1929.
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Table 7. Lengths of floodplain streams and lakes in upper, middle, and nontidal lower reaches of the
Apalachicola River that are connected to the main river channel at flows ranging from 4,000 to 19,000
cubic feet per second
[“Connected” means that approximately level water passageways exist between floodplain water bodies and the main river chan-
nel, allowing 2-way access for fishes to move from river to floodplain as well as from floodplain to river. Individual stream loca-
tions and lengths are given in appendix II. Not included in this table are the main channel of the nontidal Apalachicola River
which is 86 miles in length, and main channels of the lower Chipola River and Chipola Cutoff which total 17 miles in length]



Flow at
Chattahoochee



gage,
in cubic feet
per second



Length of streams and lakes connected to main channel at or below given flow
values, in miles



Upper
reach



Middle
reach



Nontidal
lower
reach



Total



   4,000 0.8 5.2 12.7     18.7



   5,000 2.6 6.3 26.0     34.9



   6,000 5.3 8.8 39.7     53.8



   7,000 5.3 11.9 50.3     67.5



   8,000 8.3 29.4 55.4     93.1



   9,000 9.0 32.0 65.2    106.2



  10,000 14.4 32.2 75.2    121.8



  11,000 20.3 42.0 77.7    140.0



  12,000 20.5 57.7 83.7    161.9



  13,000 20.5 63.0 88.3    171.8



  14,000 20.6 71.4 96.3    188.3



  15,000 20.9 79.3 98.9    199.1



  16,000 20.9 86.7 100.6    208.2



  17,000 21.0 88.8 101.3    211.1



  18,000 24.6 93.8 104.1    222.5



  19,000 24.6 101.5 104.1    230.2



upper reach of the river. Down-
stream of the Blountstown gage,
the river channel thalweg reflects
alternating cycles of aggradation
and degradation but there are no
consistent decreasing trends in
stage (Simons, Li, and Associates,
Inc., 1985, p. 100 and fig. 5.2).



his section of the report
describes the major types of



streams, lakes, and forests of the
floodplain by river reach, and the



FLOODPLAIN STREAMS,
LAKES, AND FORESTS
IN RELATION TO RIVER
FLOW



T



changes that occur in these
features with changes in river
flow. Detailed maps and descrip-
tions are provided for streams and
lakes at the intensive study areas.
Streams, lakes, and forests
described in this section are illus-
trated on plates depicting con-
nected aquatic habitat in the upper
reach (pl. 1), middle reach (pl. 2),
and nontidal lower reach (pl. 3) at
specific flow values selected to
represent low, medium, and
medium-high river flows. The
specific flow values used to repre-
sent low flows (8,000 ft3/s) and
medium flows (16,000 ft3/s) are
the same on all three plates. The
specific flow value representing



medium-high flows on the plates
varies with the reach and approxi-
mates the minimum river flow at
which at least 70 percent of the
total area of tupelo-cypress
swamps in the reach is inundated
and connected to the main chan-
nel. These specific flow values are
31,000 ft3/s for the upper reach
(pl. 1C), 27,000 ft3/s for the mid-
dle reach (pl. 2C), and 23,000 ft3/s
for the nontidal lower reach
(pl. 3C). Lengths and locations
of individual streams connected
to the main channel at selected
flows are listed in appendix II
and summarized in table 7.
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Upper Reach



Flat Creek, an intensive
study area in the upper reach, is a
perennial stream draining an
upland area of 52 mi2 (figs. 8 and
9). During very low flows, water
in the mouth of Flat Creek is very
shallow (less than 3 in. deep) and
drops into the main channel across
a sandy delta. Lowered stages in
the main channel as a result of



Figure 8. Flat Creek intensive study area.
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entrenchment appear to have
altered the mouth of this stream
since the 1950’s, making aquatic
habitat in the Flat Creek drainage
inaccessible to main channel
fishes. Prior to construction of Jim
Woodruff Dam, the mouth of Flat
Creek was deep enough during
very low flows for fish and boat
access (J.M. Barkuloo, retired,
USFWS, oral commun., 1997).



When the river rises higher than
the mouth of Flat Creek in its
present condition, river water
enters the downstream reach of the
stream creating an area of backwa-
ter with very sluggish flow; but
farther upstream, Flat Creek is
still flowing swiftly. During high
flows, the banks of Flat Creek are
under water and water flows
across forests and streams in the
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Figure 9. Flat Creek during low flow about 1,500 feet upstream of its mouth
on the Apalachicola River. Perennial streams with sandy bottoms that originate
in steep ravines east of the floodplain are unique to the upper reach of the
river.



general direction of river flow
(fig. 10).



Mosquito Creek is the larg-
est tributary in the upper reach of
the river with regard to discharge.
It is a perennial stream with an
upland drainage area of 90 mi2



which lies east of the river
(pl. 1A). Entrenchment can move
upstream into tributaries (Galay,
1983) and appears to have pro-
gressed approximately 100 ft into
the mouth of this creek to a
bridge, where rock and concrete
rubble have been deposited in the
bed and along the banks. The
spillway created by this rock and
rubble probably prevented bed
degradation from progressing
farther upstream. It also makes
the entire upstream drainage inac-
cessible to fish in the main chan-
nel during very low flows.



Perennial streams in the
floodplain originating from the
upland are features that are com-
mon in the upper reach of the
river but relatively rare in the
middle and lower reaches.
Streams draining steep ravines
which dissect the upland on the
east side of the river include
Sweetwater Creek, Rock Creek,
Beaverdam Creek, Little Sweet-
water Creek, and Kelley Branch.
Spring-fed streams on the west
side of the river are Spring
Branch and Blue Spring run
(pl. 1B). At a river flow of
8,000 ft3/s, most of these peren-
nial streams are waterfalls, allow-
ing no access for fish in the main
channel (pl. 1A, app. II). Vertical
drop of waterfalls at this flow
varies with the stream and can be
2 ft or more.



Johnson Creek, a second
intensive study area in the upper-
reach, is fed by small intermittent
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streams draining the upland west
of the river (fig. 11). A sill at the
mouth disconnects Johnson Creek
from the main channel during
very low flows. During low and
medium flows, the first half mile
of Johnson Creek is still-water
habitat connected to the main
channel (fig. 12) and the remain-
ing upstream reaches are a series
of isolated pools. Sometimes the
entire stream flows swiftly in
response to local rains, but then
returns to its still-water condi-



Figure 10. Flooded swamp near Flat Creek during high flow. During floods, turbid river water moves slowly downstream
through the floodplain forest at velocities of approximately 0.5 foot per second.



tion shortly afterwards. Consis-
tent flow in Johnson Creek does
not occur until high flows, when
the river is flowing through both
forests and streams of the flood-
plain in a general downstream
direction.



Other streams in the upper
reach that are usually connected
to the main channel by backwater
are Ocheesee Creek, Graves
Creek, and The Bayou (pl. 1C).
The Bayou and its tributaries are
the longest stream system



(approximately 9 mi) in the upper
reach of the floodplain. During
low flows, the most downstream
4,000 ft of The Bayou is still-
water habitat connected to the
main channel. The Bayou is dis-
connected during low flows
upstream of that reach by a rubble
spillway in the vicinity of a small
bridge used for logging access.
Upstream from this point to the
head of The Bayou on the main
channel at river mile 85.7, the
stream is a steep-sided and
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Figure 11. Johnson Creek intensive study area.
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relatively narrow channel with
water pooled in the deeper parts
of the streambed (fig. 13). During
medium flows, flow from
Stafford Creek and rising back-
water from the mouth connect the
most downstream 4 mi of The
Bayou to the main channel
(pl. 1B). During medium-high
flows the remaining reach of The
Bayou, from its upstream head on
the main channel at river mile
85.7 to the mouth of Stafford
Creek, is connected and flowing,
creating a complete loop that
serves as an alternate flow path
for river water from the main
channel (pl. 1C). When streams
of this type are connected,
velocity increases to speeds that
are relatively fast for floodplain
streams (1-3 ft/s).



Sutton Lake is still-water
habitat with a connection to the
main channel that is deep enough
for access by larger fishes, even
during very low flows. It is the
largest area of aquatic floodplain
habitat that is connected to the
main channel during low flows in
the upper reach (pl. 1A).



About 72 percent of all
tupelo-cypress swamps in the
upper reach of the river is con-
nected aquatic habitat at a flow of
31,000 ft3/s (pl. 1C). Large
tupelo-cypress swamps with
semi-permanent standing water
are a prominent feature of the
upper reach (fig. 14). Many of
these swamps are fed by ground-
water seepage from the steep
upland bluffs bordering the east-
ern edge of the floodplain.
Hydrologic fluctuations in a large
swamp with semi-permanent
standing water in the vicinity of
Beaverdam Creek were mea-
sured in the ARQA study
(Leitman and others, 1983,



Figure 12. Johnson Creek during low flow about 2,000 feet upstream of its
mouth on the Apalachicola River. Johnson Creek receives a small amount of
intermittent runoff from upland drainages. During low and medium flows, the
lower reach of Johnson Creek, shown here, is a still-water habitat connected to
the river, and the upper reach is a series of isolated pools.
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fig. 23). The pond level in that
swamp was perched approxi-
mately 12 ft above the elevation of
the water surface of the river at
median low flow, and water in the
swamp was not connected to the
main channel until flows exceeded
about 30,000 ft3/s.



Middle Reach



Iamonia Lake and its
tributaries, the intensive study



Figure 13. The Bayou during medium flow about 5 miles upstream of its mouth on the Apalachicola River. Water in the
stream was isolated from the main river channel and not flowing at the time this photograph was taken; however, the
narrow, steep-sided channel is evidence of the relatively high velocities that occur when the stream is connected and
flowing.



area in the middle reach of the
river, is a tributary lake system
that receives little runoff from
upland drainage (cover illustra-
tion, fig. 15, fig. 16). In some of
its wider reaches, Iamonia Lake
is as deep and wide as the
Apalachicola River; yet under
most conditions, Iamonia Lake
has little or no flow. During flows
less than 8,000 ft3/s, a sill near
the mouth of Iamonia Lake dis-
connects it from the main river
channel (app. II). During low and



medium flows  above 8,000 ft3/s,
Iamonia Lake has a nearly level
water surface for the entire 5 mi
of its length, with an elevation
equal to the level of the river at
the downstream connection at
river mile 55.8. During high
flows, river water enters the
upper and middle reaches of
Iamonia Lake through many
small connector streams and the
main body of the lake is flowing
and sloped in a downstream
direction.
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Figure 14. Tupelo-cypress swamp with semi-permanent standing water in the floodplain of the Apalachicola River just
north of Flat Creek. Ground-water seepage from steep upland bluffs bordering the eastern edge of the floodplain provides
a source of water for extensive areas of semi-permanently wet swamps in the upper reach of the river. The water level in
these swamps is perched several feet above the low water level of the river.



Figure 15. Iamonia Lake about
2 miles upstream of its mouth on the
Apalachicola River. With a channel
width of 400 feet and depths of 20 to
30 feet, Iamonia Lake looks similar to
the main channel of the Apalachicola
River. Tributary lakes such as this
are probably old river channels that
were abandoned when the river
changed course.
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Figure 16. Iamonia Lake intensive study area.
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B



Figure 17. Middle Slough about 2,700 feet from its
mouth on Iamonia Lake (A) partially dry and
disconnected during low flow and (B) flowing with
shallow water during medium flow. When connected,
Middle Slough carries water from the Apalachicola River
by way of Bee Tree Slough to the upper end of Iamonia
Lake. Relatively high velocities of 1.5 to 2 feet per
second occur in Middle Slough during higher flows.



AThe two largest connector
streams in the Iamonia Lake system
are the Middle Slough-Bee Tree
Slough passageway and Mary Slough
(fig. 16). During low flows, Middle
Slough is disconnected and most of its
streambed is dry (fig. 17A). Bee Tree
Slough is also disconnected but has a
series of isolated pools in its bed, some
of which are 5 to 6 ft deep. The con-
trolling sill for the Middle Slough-Bee
Tree Slough passageway is in Middle
Slough, about 3,000 ft upstream of its
mouth on Iamonia Lake. During river
flows of 11,000 ft3/s and higher, water
flows from higher elevations in the
Apalachicola River through Bee Tree
Slough and Middle Slough to lower
elevations in the upper end of Iamonia
Lake (fig. 17B). Relatively high veloc-
ities (1.5-2 ft/s) were observed in these
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connector streams at a river flow of
20,000 ft3/s. Mary Slough is
another connector stream near the
middle of Iamonia Lake. During
low flows, the west end of Mary
Slough is connected by backwater
to Iamonia Lake; its east end is



Figure 18. Outside Lake during medium flow about 1 mile upstream of its
mouth on the Apalachicola River. This tributary lake is probably a very old river
channel that has nearly filled with sediment.  Much of Outside Lake during
medium river flow is a shallowly flooded tupelo-cypress swamp with a slightly
deeper open channel in the center.



higher in elevation than the water
surface in the lake and is a series of
isolated pools during low flows.
Water flows from the main channel
through Mary Slough to Iamonia
Lake at a river flow of 13,000 ft3/s
and higher.



McDougal Lake (fig. 16) is
shallower than Iamonia Lake;
however, the two lakes are
connected with a level water surface
even during very low flows. Honey
Pond (fig. 16) is a shallow flood-
plain lake with scattered tupelo and
cypress trees that is isolated from
Iamonia Lake during low flows.
During medium flows, Honey Pond
is connected and accessible from
Iamonia Lake by small boats.



Florida River is a large tribu-
tary lake in the middle reach that is
connected to the main channel
during very low flows. The mouth
of Florida River has a relatively
deep connection to the main
channel, connecting almost 5 mi of
still-water habitat to the main
channel during very low flows with
an additional 3 mi connected during
low flows (pl. 2A, app. II). About 25
more miles of streams in this system
are connected during medium flows.
During medium flows, water from
the Apalachicola River flows
through the lower reach of Equa-
loxic Creek and Finns Slough into
the upper Florida River (pl. 2B).
During medium-high flows, water
from the Apalachicola River flows
through Dog Slough into the lower
Florida River (pl. 2C).



Outside Lake has a very shal-
low channel about 400 to 500 ft wide
that is forested with mature tupelo
and cypress trees except for about
150 ft in the center of the channel
(fig. 18). Since the channel of Out-
side Lake is nearly filled with sedi-
ment, it may be a former river
channel that is older than either
Iamonia Lake or Florida River. Dur-
ing low flows, the first mile of Out-
side Lake upstream of its mouth is 3
to 4 ft deep and connected to the
main channel. Upstream of the first
mile, Outside Lake is very shallow,
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and 2 mi upstream of the mouth the
lake is a series of shallow isolated
ponds. As the Apalachicola River
rises, water from the river moves far-
ther up into the lake. During medium
flows the lake is also connected to
the Apalachicola River at its upper
end through a small stream flowing
from Dead River (pl. 2B).



Old River and its tributary,
Baker Branch, are narrow, steep-
sided streams that receive small
amounts of flow from two upland
streams during low flows. During
medium flows, water from the
Apalachicola River enters Old River
at its upstream end and flows back
into the main channel at the down-
stream end of Baker Branch (pl. 2).



Figure 19. Sand Slough about 500 feet from its mouth on the Apalachicola River. Dry streambeds are typical of higher
elevation streams when they are disconnected from the river.



Equaloxic Creek receives run-
off from Big Gully Creek, a stream
draining a relatively large area of
flatwoods and acid swamps east of
the floodplain (drainage area unde-
termined, probably greater than 20
mi2). During low flow, water sam-
pled about 3 mi upstream of the
mouth of Equaloxic Creek had a pH
of 2.5 (Michael J. Hill, Florida Game
and Fresh Water Fish Commission,
oral commun., 1993). Water in the
main channel of the Apalachicola
River usually has a pH between 7
and 8. At a river flow of 7,500 ft3/s,
water in the mouth of Equaloxic
Creek was observed to be tannin
stained, with no turbidity, indicating
that water in the creek originated



from the acidic upland stream rather
than from turbid backwater from the
main channel. Water from the river
moves into the channel of Equaloxic
Creek during medium flows and con-
nects to the upper Florida River
through Finns Slough.



Many more streams in the
middle reach are connected to the
main channel during medium and
medium-high flows. At a river flow
of 19,000 ft3/s, the middle reach has
4 times as many miles of streams as
the upper reach (table 7). Higher ele-
vation streams that are connected to
the river during medium or higher
flows usually have dry streambeds
when disconnected from the river
(figs. 3 and 19). Lower elevation
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streams that are connected to the
river during low flows contain
isolated pools of water when they
are disconnected from the river.



At a river flow of
27,000 ft3/s, about 74 percent of
tupelo-cypress swamps and
25 percent of mixed bottomland
hardwood forests in the middle
reach are inundated and con-
nected to the main channel
(pl. 2C). Tupelo-cypress swamps
are mostly located near the out-
side edges of the floodplain but
some swamps are located along
stream channels, such as those on
the Florida River and Outside
Lake. Unlike some of the swamps
in the upper reach, most middle
reach swamps have little or no
standing water in the dry season.
At a river flow of 27,000 ft3/s
(pl. 2C), connected aquatic habi-
tats in mixed bottomland hard-
woods probably consist of areas
with land surface elevations simi-
lar to, or only slightly higher
than, tupelo-cypress swamps.
These areas are forested with
some tupelo and cypress in a
mixture of water hickory, overcup
oak, swamp laurel oak, and green
ash.



Nontidal Lower Reach



River Styx and its tributar-
ies, the intensive study area in the
nontidal lower reach of the river,
is a tributary lake system that
receives very little runoff from
upland drainage (fig. 20). Over
4 mi of still-water stream habitat
in River Styx is connected to the
main channel during low flows
(fig. 21). Depths in River Styx are
highly variable. In the first
1,300 ft from the mouth, the



channel ranges from 15 to 30 ft in
depth. Elevation of the water sur-
face at the mouth of River Styx at
low water is about 7 ft above sea
level; thus, the elevation of the
streambed in the deeper locations
is 10 to 20 ft below sea level.
About 1,400 ft from the mouth, a
shallow, sandy sill across the
river disconnects all upstream
reaches of River Styx during very
low flows (fig. 22). Very deep
reaches continue to alternate with
very shallow reaches upstream to
approximately 4 mi from the
mouth, where the River Styx at
low water is consistently narrow
with shallow water and low
banks. Seven miles upstream of
the mouth of River Styx, there is
a wide swamp corridor with occa-
sional isolated pools and no
recognizable streambed. As the
river rises from low to medium
flows, water from the Apalachi-
cola River backs up into the
mouth of River Styx. During
medium-high flows, water from
the river enters at points upstream
(Florida River and Equaloxic
Creek) and moves through the
swamp corridor as sheet-flow.
When this occurs, the entire
River Styx system is flowing
toward its mouth on the Apalach-
icola River.



The two largest connector
streams in the River Styx system
are Swift Slough and Moccasin
Slough (fig. 20). Both are rela-
tively high velocity streams (1-
2 ft/s) that carry water from the
main channel down to the River
Styx during low flows. Moccasin
Slough empties into the River
Styx close to its mouth on the
Apalachicola River (fig. 20).
Swift Slough ends about 2.5 mi
from the mouth of River Styx. At



flows of less than 17,000 ft3/s in
the Apalachicola River, the River
Styx downstream of the mouth of
Swift Slough has little flow. At
flows of greater than 17,000 ft3/s
in the Apalachicola River, the
lower 2 mi of River Styx begins
to flow more swiftly because
additional connector streams,
such as Hog Slough, Grayson
Slough, and Everett Slough, are
connected by rising water and the
River Styx receives a significant
amount of flow from the main
channel (pls. 2C and 3C).



The parts of Kennedy
Creek and Owl Creek that lie
within the Apalachicola River
floodplain are tributary lakes
connected during very low flows
(app. II, pl. 3A). Both streams
originate in flatwoods and acid
swamps in the upland east of the
floodplain (similar to
Equaloxic Creek in the middle
reach) and both streams usually
have sluggish flow.



Kennedy Creek is deep
(15-20 ft during low water) and
relatively wide (100-200 ft) for
much of its length (fig. 23). The
still-water habitat in Kennedy
Creek and its tributaries that are
connected to the river during low
flows is extensive, totalling about
9 mi of streams (4 mi of the
mainstem of Kennedy Creek and
an additional 5 mi of connected
still-water streams). During low
and medium flows, water in the
most downstream 1 mi of
Kennedy Creek is flowing into a
stream that connects to the upper
end of the wide part of Brushy
Creek (pl. 3A). The wide part of
Brushy Creek is very deep (20-
30 ft) at its mouth on the main
channel and throughout its entire
length.
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Figure 20. River Styx intensive study area.
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Figure 22. Main channel of River Styx during low flow about 1,400 feet from
its mouth on the Apalachicola River. The sandy streambed is partly exposed at
this location. Maximum depths of 1.1 feet were measured at the controlling sill;
lagged flow at Chattahoochee at that time was 6,100 cubic feet per second.
Many miles of River Styx upstream of this sill are disconnected during very low
flows of 5,000 cubic feet per second or less.



Figure 21. River Styx during low flow about 2.5 miles upstream of its mouth on
the Apalachicola River. River Styx is 200 feet wide and 25 feet deep at this
location. More than 4 miles of still-water stream habitat in River Styx are
connected to the Apalachicola River during low flows.



During medium flows,
Kennedy Creek is connected to
River Styx by Shepard Slough
and other unnamed streams
(pl. 3B). Most of the tributaries
of Kennedy Creek, including
Shepard Slough and the connec-
tor to Brushy Creek, are narrow
watercourses with shallow beds
and low forests on the banks.
These streams are usually too
shallow to navigate during low
flows, and during medium flows
the low banks and surrounding
forest are inundated and the chan-
nel becomes difficult to follow. In
some reaches, the stream channel
disappears into a diffuse network
of streams that flow around tree
hummocks (fig. 24).



The Chipola River is the
largest tributary of the Apalachi-
cola River, draining approximately
1,200 mi2 in Florida and Alabama
(Foose, 1981). The lower Chipola
River below Dead Lakes receives
approximately 70 percent of its
flow from the main channel of the
Apalachicola River by way of the
Chipola Cutoff during low flows,
and approximately 75 percent
during medium flows (USACE,
written commun., 1994). The
remaining 25 to 30 percent of the
flow is from the Chipola River
upstream of the mouth of Dead
Lakes. Two streams, Corley Slough
and Virginia Cut, that previously
connected the lower Chipola River
with the Apalachicola River near
the mouth of River Styx, have been
altered by dredge spoil deposition
and no longer serve as connector
streams during low and medium
flows (pl. 3). Near its mouth, the
lower Chipola is connected to the
Apalachicola River during low
water by way of Douglas Slough
and its tributaries. Douglas Slough
also is a loop stream during very
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Figure 23. Kennedy Creek during
medium flow about 7,500 feet
upstream of its mouth on the
Apalachicola River. This tributary
lake is quite deep (15-20 feet) and
relatively wide (100-200 feet) for
much of its length. At the time this
photograph was taken, lagged flow
at the Chattahoochee gage was
13,000 cubic feet per second, and
most of the low banks and swamps
adjacent to this stream were
underwater.



Figure 24. Tree hummock in a tributary of Kennedy Creek. During medium flows, the channels of small streams in the
vicinity of Kennedy Creek are very difficult to follow when they branch out into a diffuse network of streams flowing around
tree hummocks.
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low flows, with both ends con-
nected to the lower Chipola River.
Several other streams, including
Maddox Slough, Roberts Slough,
and Burgess Creek, have both ends
connected to the lower Chipola
during medium flows. Lockey
Lake is deep (10-20 ft) and con-
nected during very low flows. At a
river flow of 14,000 ft3/s, Spiders
Cut and other streams on the south
side of the lower Chipola near its
mouth were observed flowing
south into the floodplain, probably
to the upper end of Brothers River,
which is a large tributary system
that begins in the floodplain a few
miles downstream of the mouth of
the lower Chipola River (fig. 2).



During low flows, the non-
tidal lower reach has many more
miles of connected streams than
both the upper and middle reach
combined (table 7). In the middle
reach, almost all connected aquatic
habitat during low flows is in a few
large stream systems. However, in
the lower reach, connected aquatic
habitat during low flow is located
in many small streams that have
low sills and low, flat streambeds.
At a river flow of 19,000 ft3/s, the
lower reach has about the same
number of miles of streams con-
nected to the main channel as the
middle reach.



About 25 percent of tupelo-
cypress swamps in the lower reach
is inundated and connected to the
main channel at a river flow of
16,000 ft3/s (pl. 3B). About 74 per-
cent of tupelo-cypress swamps in
the lower reach is inundated and
connected to the main channel at a
river flow of 23,000 ft3/s (pl. 3C).
Tupelo-cypress swamps cover
most of the floodplain in the lower
half of the lower reach and contain
many small isolated pools of water
even during low flows. Many



tupelo-cypress swamps of the
lower half of the lower reach have
irregular ground surfaces with trees
growing on hummocks or small
tree islands (fig. 24).



n the first part of this section,
estimated areas of three types of



floodplain habitats are described in
relation to river flow: (1) aquatic
habitat connected to the main river
channel, (2) aquatic habitat isolated
from the main channel, and (3)
nonaquatic habitat. The remainder
of this section relates estimated
areas of different types of con-
nected aquatic habitats to river
flow. Connected aquatic habitats
are primarily floodplain streams
and lakes during low flows and
flooded forests during high flows.
Connected aquatic habitats in dif-
ferent reaches of the river respond
differently to increases in flow.
Depths of controlling sills between



AREA OF AQUATIC
HABITATS IN THE FLOOD-
PLAIN IN RELATION TO
RIVER FLOW



I



Figure 25. Area of connected aquatic, isolated aquatic, and nonaquatic
habitat in the nontidal Apalachicola River floodplain in relation to flows ranging
from 5,000 to 200,000 cubic feet per second.
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the main channel and aquatic habi-
tats in the floodplain affect fish
diversity by controlling access
between diverse habitats. Water
velocity, soil type, and vegetative
structure are additional factors
affecting the composition of fish
and invertebrate populations.



Connected Aquatic Habitat
Compared to Isolated
Aquatic and Nonaquatic
Habitats



At a river flow of 5,000 ft3/s,
the total area of connected aquatic
habitat, estimated to be about
260 acres, is relatively small, com-
prising only 0.3 percent of the total
floodplain area (fig. 25). However,
aquatic habitats that are connected
to the main channel at very low
flows are of crucial importance to
fishes and invertebrates of the
floodplain. Connected aquatic
habitats provide shallow, quiet
waters in floodplain streams and
lakes as refuges from the deep,
swiftly flowing waters of the main
channel.
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Acreage of connected
aquatic habitat increases rapidly
with increases in flow above
14,000 ft3/s. At the median river
flow of 16,400 ft3/s, about
8,200 acres (10 percent of the
floodplain) is connected aquatic
habitat. Most of these areas are
tupelo-cypress swamps bordering
floodplain streams and lakes. When
river flow reaches 32,000 ft3/s, an
estimated 40,700 acres (approxi-
mately one-half of the floodplain)
is connected aquatic habitat. At
86,200 ft3/s, the median annual
1-day high flow, about 78,000 acres
(95 percent of floodplain) is con-
nected aquatic habitat.



At a river flow of 5,000 ft3/s,
approximately 4,000 acres (5 per-
cent of the floodplain), is isolated
aquatic habitat (fig. 25). Most of
these areas are swamps with stand-
ing water typically less than 1 ft
deep and rarely deeper than 3 ft in
the dry season (fig. 14). The area
of isolated swamps increases to
about 5,800 acres at the median
river flow of 16,400 ft3/s. This
increase is a result of the increase
in local precipitation that typically
accompanies increases in river
flow. Rainfall collects in swamps,
expanding existing pools and creat-
ing new isolated aquatic habitats.
As the river continues to rise, iso-
lated swamps are eventually
flooded by the river and become
connected to the main channel.
Flow required to flood isolated
swamps decreases downstream,
with river flows of 30,000 to
35,000 ft3/s required to flood most
isolated swamps in the upper reach,
and 20,000 to 25,000 ft3/s required
in the lower reach.



At a river flow of 5,000 ft3/s,
about 77,900 acres (95 percent of
the floodplain) is forest habitat with
no surface water present. These



areas include levees, high flats and
ridges with forests dominated by
sweetgum, sugarberry, and water
oak; low flats with water hickory,
green ash, overcup oak, and swamp
laurel oak; and tupelo-cypress
swamps with damp or saturated
soils (Leitman and others, 1983).
At 86,200 ft3/s, the median annual
1-day high flow, about 4,200 acres
of the floodplain is dry and
exposed. Floodplain areas that are
exposed during high flows areas
are mostly high levees adjacent to
the main channel with a few levees
bordering streams in the interior of



Figure 26. Area of connected aquatic habitat in forests compared to streams
and lakes of the nontidal Apalachicola River floodplain in relation to flows
ranging from (A) 2,000 to 14,000 cubic feet per second and (B) 5,000 to
200,000 cubic feet per second.



142 4 6 8 10 12



3,500



3,000



2,500



2,000



1,500



1,000



500



0



A
R



E
A



O
F



A
Q



U
AT



IC
H



A
B



IT
AT



,
IN



A
C



R
E



S
A



R
E



A
O



F
A



Q
U



AT
IC



H
A



B
IT



AT
,



IN
A



C
R



E
S



Total
Forests
Streams and lakes



AQUATIC HABITAT CONNECTED
TO MAIN CHANNEL



A



5 7 20010 20 30 40 7050 100



FLOW OF APALACHICOLA RIVER AT CHATTAHOOCHEE,
IN THOUSAND CUBIC FEET PER SECOND



FLOW OF APALACHICOLA RIVER AT CHATTAHOOCHEE,
IN THOUSAND CUBIC FEET PER SECOND



90,000



80,000



70,000



60,000



50,000



40,000



30,000



20,000



10,000



0



Total
Forests
Streams and lakes



B
AQUATIC HABITAT CONNECTED



TO MAIN CHANNEL



the floodplain. Levees of this
height are created by flood waters
with high velocities capable of
carrying a large amount of coarse
sediments.



Connected Aquatic Habitat
in Forests Compared to
Streams and Lakes



At river flows of 7,000 ft3/s
or lower, nearly 100 percent of the
connected aquatic habitat in the
floodplain is streams and lakes
(fig. 26A). At these low flows,
floodplain forests are almost com-
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pletely drained of standing water
except for the isolated swamps
indicated in figure 25. At a flow of
10,000 ft3/s, streams and lakes still
constitute most of the connected
aquatic habitat (860 acres), but
about 210 acres of forest is flooded
and connected to the main channel.
Above a flow of 10,000 ft3/s, the
area of connected aquatic habitat
increases more rapidly in forests
than in streams and lakes
(fig. 26A). At the median flow of
16,400 ft3/s, more than 80 percent
of connected aquatic habitat is
flooded forests (fig. 26B). As the



Figure 27. Area of connected aquatic habitat in the upper, middle, and
nontidal lower reaches of the Apalachicola River floodplain in relation to flows
ranging from (A) 2,000 to 9,000 cubic feet per second and (B) 5,000 to
200,000 cubic feet per second.
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river continues to rise above
median flow, the area of flooded
forests increases rapidly, but the
area of streams and lakes shows
little increase because nearly all of
them were flooded at lower flows.



The different horizontal
scales in the two graphs in figure
26 depict different processes at
work in the floodplain. In figure
26A, increases in habitat are shown
on the order of hundreds of acres as
the river moves into previously
isolated streams or dry channels.
This information is obscured with
the scale used in figure 26B, which



shows increases in aquatic habitat
on the order of thousands of acres
as flow increases and the river
moves into large areas of the flood-
plain forest.



Figure 26A and several other
figures in this section include flows
of 2,000 ft3/s to provide habitat
data in the event that a decreasing
trend in flows occurs in the future.
The full range of river flows shown
in figures 25 and 26B include flows
of 200,000 ft3/s. Increases in area
of aquatic habitat with flow are
relatively minor above the median
annual 1-day high flow of
86,200 ft3/s.



Connected Aquatic Habitat
in the Upper, Middle, and
Nontidal Lower Reaches



Connected aquatic habitat
depicted in figures 25 and 26 repre-
sents habitat in the entire nontidal
floodplain. Connected aquatic
habitat in each of the three reaches
of the river responds differently to
increases in flow (fig. 27).



At flows ranging from 2,000
to 9,000 ft3/s (fig. 27A), the nontidal
lower reach has the greatest amount
of connected aquatic habitat and the
upper reach has the least. The lower
reach has many deep streams and
lakes, such as Brushy Creek, Owl
Creek, and Lockey Lake, that have
bottom elevations below sea level
and deep connections to the main
channel. About 100 acres of aquatic
habitat in the lower reach is con-
nected at flows below 3,900 ft3/s,
the lowest recorded daily mean
flow, compared to about 45 acres in
the middle reach (mostly in the
Florida River), and about 11 acres in
the upper reach (Sutton Lake).
At flows ranging from 4,000 to
9,000 ft3/s, the lower reach contin-
ues to have the most connected











Area of Aquatic Habitats in the Floodplain in Relation to River Flow 41



aquatic habitat as large parts of the
River Styx and Kennedy Creek sys-
tems become connected. In the mid-
dle reach, the biggest increase in
connected aquatic habitat during
low flows occurs between 7,000 and
8,000 ft3/s, when the amount of hab-
itat more than triples as Iamonia
Lake becomes connected. The
increase in flow from 2,000 to
9,000 ft3/s causes a three-fold
increase in connected aquatic habi-
tat in the upper reach, from about 10
to 33 acres. Prior to entrenchment,
about twice as much aquatic habitat
was connected in the upper reach
during low flows than is connected
in its present entrenched condition.



Area of aquatic habitat
increases greatly at river flows of
14,000 ft3/s in the nontidal lower
reach and 15,000 ft3/s in the middle
reach (fig. 27B). In the upper reach
this large increase in aquatic
habitat does not occur until river
flow reaches 29,000 ft3/s. Some of
this difference is attributable to
physiographic changes that occur
from the upper to the lower reach.
Topographic relief and land surface
elevations in floodplains decrease
in coastal plain rivers as they
approach the sea. However, most
of this difference is a result of
entrenchment that has occurred in
the upper reach since construction
of Jim Woodruff Dam. The flow
associated with a large increase in
connected aquatic habitat in the
upper reach was about 19,000 ft3/s
prior to entrenchment compared to
29,000 ft3/s in its present
entrenched condition (fig. 27B).



Connection Depths



Connected aquatic habitat
addressed in the preceding figures
and discussion represent habitat
that is connected at any depth. The



connection depth is very shallow
for some habitats, allowing passage
for small fishes but blocking access
for medium-sized fishes such as
adult bluegill or redear sunfish, or
large fishes such as striped bass or
Gulf of Mexico sturgeon.
Generally, the area of aquatic habi-
tat that is accessible to medium and
large fishes is considerably less
than that accessible to small fishes
(fig. 28). The connected aquatic
habitat that allows passage of small
fishes, as shown in the two graphs
in figure 28, represents aquatic
habitat in all nontidal reaches that



Figure 28. Area of aquatic habitat with controlling connections that allow
passage of small, medium, and large fishes in the nontidal Apalachicola River
floodplain in relation to flows ranging from (A) 2,000 to 12,000 cubic feet per
second and (B) 5,000 to 200,000 cubic feet per second.
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B



is connected at any depth greater
than zero. The other curves in these
graphs represent aquatic habitat
that will allow passage of medium
fishes (connection depth of 1 ft or
greater) and large fishes (connec-
tion depth of 3 ft or greater).



Accessible habitat is avail-
able at different flows for fishes of
different sizes. For example,
260 acres of habitat is accessible to
small fishes at river flows of
5,000 ft3/s, but this same amount of
habitat is not available to large
fishes until flows of about
10,000 ft3/s (fig. 28A). Large
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increases in area of connected
aquatic habitat occur above flows
of 14,000 ft3/s for small fishes,
above flows of 17,000 ft3/s for
medium-sized fishes, and between
flows of 20,000 and 30,000 ft3/s for
large fishes (fig. 28B).



Water Velocities in
Connected Aquatic
Habitats



Both still-water and flowing-
water habitats in shallow floodplain
water bodies provide refuges for



Figure 29. Area of still-water and flowing-water habitat in the nontidal
Apalachicola River floodplain connected to the main channel in relation to
flows ranging from (A) 2,000 to 9,000 cubic feet per second and (B) 5,000 to
200,000 cubic feet per second.



2 93 4 5 6 7 8



1,000



800



600



400



200



0



A



5 7 20010 20 30 40 50 70 100



FLOW OF APALACHICOLA RIVER AT CHATTAHOOCHEE,
IN THOUSAND CUBIC FEET PER SECOND



FLOW OF APALACHICOLA RIVER AT CHATTAHOOCHEE,
IN THOUSAND CUBIC FEET PER SECOND



90,000



80,000



70,000



60,000



50,000



40,000



30,000



20,000



10,000



0



A
R



E
A



O
F



A
Q



U
AT



IC
H



A
B



IT
AT



,
IN



A
C



R
E



S
A



R
E



A
O



F
A



Q
U



AT
IC



H
A



B
IT



AT
,



IN
A



C
R



E
S



Total



Total



Still-water habitat



Still-water habitat



Flowing-water habitat



Flowing-water habitat



AQUATIC HABITAT CONNECTED
TO MAIN CHANNEL



AQUATIC HABITAT CONNECTED
TO MAIN CHANNEL



B



fishes from the deeper and more
swiftly flowing waters in the main
channel. Some fishes, such as red-
fin pickerel, taillight shiner, flier,
and warmouth, primarily reside in
still-water habitats of the floodplain
and rarely enter the main channel
(Leitman and others, 1991). Other
fishes, such as darters, prefer flow-
ing-water habitats in small flood-
plain streams.



Water velocities in the main
channel are usually between 1 and
4 ft/s. Velocities observed in most
aquatic habitats in the floodplain
are much lower (0 - 1 ft/s), with the



exception of loop and connector
streams that carry river water along
a steeper course than the main
channel. Velocities of 2 to 3 ft/s
were observed in the connector
streams Bee Tree Slough and Swift
Slough.



Changes in area of connected
still-water and flowing-water
habitat in the floodplain in relation
to river flow is illustrated in
figure 29. At a river flow of
5,000 ft3/s, still-water habitat
covers about 250 acres and flow-
ing-water habitat covers 12 acres
(fig. 29A). At a river flow of
9,000 ft3/s, about 790 acres of still-
water habitat exists compared to
190 acres of flowing-water habitat.
Area of still-water habitat contin-
ues to greatly exceed area of flow-
ing-water habitat until river flows
reach about 20,000 ft3/s (fig. 29B).
At this river flow, water in con-
nected aquatic habitats is flowing
in most streams and lakes, but not
flowing in forests. At river flows
less than 20,000 ft3/s, the opportu-
nity for flow-through is limited
because the water is not high
enough to break over levees and
ridges that control connections
between different parts of the
floodplain. At river flows greater
than 20,000 ft3/s, flow-through in
the floodplain increases and water
begins to move through large areas
of floodplain forest. Flowing-
water and still-water habitats con-
tinue to increase in area until river
flows are about 40,000 ft3/s. When
flows exceed 40,000 ft3/s, still
waters are rapidly converted to
flowing waters as the rising water
connects more and more of the
floodplain into a flow-through
corridor. When flows reach
65,000 ft3/s, more than 99 percent
of the connected aquatic habitat in
the floodplain is flowing.
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In the upper reach, there are
a number of streams such as Flat
Creek and Mosquito Creek that
drain relatively large areas in the
uplands adjacent to the river. The
source of water for these streams is
not dependent upon flows in the
Apalachicola River, and the
streams continue to flow during
low and very low flows. However,
their connections to the river
during low flows do not allow 2-
way access for fishes because of
waterfalls or very shallow water
dropping into the main channel.
Small fishes can move from the
streams into the main channel of
the river but cannot swim back the
other way. Streams with 1-way
connections cover relatively small
areas (less than 35 acres), exist
primarily at flows less than
11,000 ft3/s, and are found only in
the upper reach.



The area of flowing-water
habitat with both 1-way and 2-way
connections in the upper reach
under present entrenched condi-
tions is shown in figure 30A and
under pre-entrenchment conditions
is shown in figure 30B. At river
flow of 3,900 ft3/s, the lowest daily
mean flow on record, all flowing
waters in the floodplain of the
entrenched upper reach have 1-way
connections to the main channel.
At this same river flow, prior to
entrenchment, about half of the
flowing-water habitat had 2-way
connections to the main channel,
and half had 1-way connections.
Under present entrenched condi-
tions, it is not until flows are about
11,000 ft3/s that nearly all streams
in the upper reach have 2-way
connections to the main channel.



Soils of Floodplain Habitats



Variety in soil types affects
diversity of floodplain fishes
because many fishes have substrate
preferences for either sandy or
muddy bottoms (Lee and others,
1980). Three major types of sur-
face soils were found in the
Apalachicola River floodplain: silt-
clays, sandy soils, and organic
soils. Approximately 90 percent of
the floodplain has silt-clay surface
soils. Silt-clays predominate on
alluvial rivers because large



Figure 30. Area of flowing-water habitat in the floodplain with 1-way and 2-
way connections to the main channel in relation to flows ranging from 2,000
to 12,000 cubic feet per second in the upper reach of the Apalachicola River
(A) under present (1995) entrenched conditions and (B) prior to entrenchment.
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FLOWING-WATER HABITAT IN UPPER
REACH — PRIOR TO ENTRENCHMENT:



amounts of fine-grain sediments
are carried long distances and
deposited on the floodplain during
overbank flows. The percentage of
connected aquatic habitat with silt-
clay soils varies with river flow but
is always relatively high, ranging
from 85 to 98 percent of the total
area for any given flow (fig. 31).



Sandy soils are found on
about 6,400 acres (8 percent of the
floodplain). Most of the sandy
soils in the floodplain are found on
levees that are flooded only at
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flows greater than 80,000 ft3/s
(fig. 31B). Formation of these
high levees occurs when alluvial
flow of relatively high velocity
leaves the main channel and enters
the floodplain. The water slows
down quickly as it enters the for-
est and immediately drops the
coarse-grain component of its sed-
iment load, forming a sandy levee
adjacent to the main river channel.
Sandy levees also border a few of
the larger floodplain streams with
high flow velocities.



In addition to riverbank and
streambank levees, an estimated
500 acres of sandy soils is found



Figure 31. Area of connected aquatic habitat with silt-clay, sandy, and
organic soils in the nontidal Apalachicola River floodplain in relation to flows
ranging from (A) 2,000 to 14,000 cubic feet per second and (B) 5,000 to
200,000 cubic feet per second.
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in the beds of some floodplain
streams. Streams observed in this
study that had relatively high
velocities (1 ft/s or greater) during
low or medium flows, had 30 to
100 percent of their beds com-
posed of sandy soils. Streams with
little or no velocity during low and
medium flows had silt-clay beds
with no sand either in the beds or
along their banks. The flows at
which streams with sandy stream-
beds are connected to the main
river channel vary greatly. About
50 acres of sandy-bottom streams,
such as Flat Creek and Swift
Slough, is connected at a river



flow of 6,000 ft3/s (fig. 31A).
Some streams, like Sand Slough
(fig. 19) are dry during low flows
and do not become connected and
flowing until medium or higher
flows.



Organic soils are found on
about 2,700 acres (3 percent of the
floodplain). Most of the organic
soils in the floodplain are found in
large tupelo-cypress swamps in
the upper reach. These areas are
(1) isolated from the river at very
low, low, and medium flows,
(2) connected to the main channel
when flows reach 30,000 to
40,000 ft3/s (fig. 31B), and (3) do
not experience high velocities
even during floods. When these
swamps are isolated from the main
channel, rate of litter decomposi-
tion in still-water ponds decreases
as the amount of oxygen in the
stagnant water decreases. The
result is a build-up of organic mat-
ter. During floods, these areas do
not have velocities high enough to
scour the floor of the swamp and
remove the organic build-up. This
lower velocity may be due to their
large, flat basin-like shape or their
location outside of the higher
velocity corridors of flow in the
floodplain.



The large tupelo-cypress
swamp in the vicinity of Beaver-
dam Creek in the upper reach is an
example of a wet depression with
organic soils that is pooled and
isolated from the main channel
during low and medium flows.
Flows of about 31,000 ft3/s are
required to connect this swamp to
the main channel. At a flow of
57,800 ft3/s, the average velocity
in this swamp was 0.03 ft/s; at
87,900 ft3/s, the average velocity
was still quite low at 0.17 ft/s
(Leitman and others, 1983,
fig. 25).
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Amount of Vegetative
Structure



Vegetative structure in
aquatic habitat provides food
sources, protective cover, and
reproductive sites for fishes and
aquatic invertebrates. Generally,
floodplain habitat that is terrestrial
most of the time, such as mixed
bottomland hardwoods, has more
vegetative structure than habitat
that is primarily aquatic. When
floodplain forests are inundated,
large amounts of vegetative struc-
ture become available to aquatic
organisms.



The amount of vegetative
structure measured in floodplain
forests and on the sloping banks of
floodplain streams in this study was
moderate to high (greater than
15 percent) compared to that of
floodplain streambeds which was
usually low (less than 15 percent).
However, in one-tenth of the total
length of streambed cross sections,
vegetative structure was moderate
to high. Low velocities in flood-
plain streams allow woody debris
to collect in parts of streambeds
(figs. 9, 12, and 13), and live vege-
tation such as tupelo and cypress
trees sometimes grow in floodplain
streambeds (fig. 18). Comparable
measurements of vegetative struc-
ture in the bed of the main channel
were not made in this study; how-
ever, because water velocities are
considerably higher in the main
channel than in most floodplain
streams, vegetative structure in the
bed of the main channel is probably
lower than that in streambeds in the
floodplain. In a study of large river-
floodplain systems by Power and
others (1995), main channel struc-
ture was estimated to be 5 percent
at low flow, decreasing at higher
flows as debris was dislodged and
washed away.



At river flows less than
9,000 ft3/s, most of the connected
aquatic habitat is confined to stre-
ambeds and is consequently low in
structure (fig. 32A). When water
levels in floodplain streams rise out
of their beds onto the sloping banks
and into bordering swamp forests,
the amount of vegetative structure
in connected aquatic habitat
increases greatly. This increase in
structure in connected aquatic habi-
tat begins at flows greater than
10,000 ft3/s; and at 16,000 ft3/s,
about 3,800 acres of aquatic habitat
with moderate to high structure is
connected to the main channel
(fig. 32B). As the river continues to
rise, the amount of vegetative
structure available to aquatic
organisms increases greatly as
large areas of floodplain forest are
inundated (fig. 32C).



n the preceding sections, aquatic
habitat in the Apalachicola



River was described and quantified
in relation to river flow for the pur-
pose of determining changes in
habitat that may result from flow
alterations. Effects of these habitat
changes on biological communities
are also important to address in the
impact evaluation process. Of the
wide array of organisms that
depend on aquatic habitat, fishes
are probably the most well-known
group. Fish species that have been
collected in the floodplain of the
Apalachicola River are listed in
this section of the report. A review
of the literature of fishes in the
river floodplains of the eastern



FISHES IN RIVER FLOOD-
PLAINS OF THE EAST-
ERN UNITED STATES:
LITERATURE REVIEW



I



United States was conducted to
identify additional species that
probably inhabit the Apalachicola
River floodplain.



A total of 131 species of
freshwater and estuarine fishes
have been found in the freshwaters
of the Apalachicola River or the
lower Chipola River downstream
of Dead Lakes (Livingston and
others, 1977; Yerger, 1977; Bass,
1983; Ager and Land, 1984; Ager
and others, 1985; Edmiston and
Tuck, 1987; Hill and others, 1990;
Light and others, 1993). Of this
total, 40 species are euryhaline
estuarine fishes that have been
found only in the freshwater tidal
part of the lower Apalachicola
River and its distributaries. These
40 species are not addressed in this
report. The remaining 91 species
are known to inhabit the nontidal
Apalachicola or lower Chipola
Rivers. Of these 91 species, 65 are
freshwater species that are strictly
intolerant of salt water, and
26 species are either freshwater
species that can tolerate some salt
water or euryhaline estuarine spe-
cies that occur in the nontidal river
(Yerger, 1977).



Eighty percent, or 73 of the
91 species collected in the
Apalachicola River, are known to
occur in river floodplains of the
eastern United States (table 8).
Fifty-one of these species have
been collected in the Apalachicola
River floodplain (22 common or
abundant, 29 collected in low num-
bers), and an additional 22 species
have been found in other river
floodplains of the eastern United
States. Collections of Apalachi-
cola River floodplain fishes have
been conducted primarily in one
type of habitat (connected streams
with sluggish flow) using one
collection method (electrofishing).
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Figure 32. Area of connected aquatic habitat with low and moderate to high
amounts of vegetative structure in the nontidal Apalachicola River floodplain in
relation to flows ranging from (A) 2,000 to 9,000 cubic feet per second;
(B) 2,000 to 16,000 cubic feet per second; and (C) 5,000 to 200,000 cubic
feet per second.
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Table 8. Occurrence of Apalachicola River fish species in river floodplains of the eastern United States
[Sources include Baker and others, 1991; Bass and Hitt, 1973; Beecher and others, 1977; Finger and Stewart, 1987; Foster and others, 1988; Guillory, 1979;
Holder, 1971b; Killgore and Baker, 1996; Knight and others, 1991; Kwak, 1988; Leitman and others, 1991; Light and others, 1995; Ross and Baker, 1983;
Walker and Sniffen, 1985. Excludes estuarine species that are restricted to the lower Apalachicola River. Excludes tidal floodplain habitats.  Common or
abundant, 1 percent or greater by number; low numbers, less than 1 percent by number]



1Collected in isolated water bodies in river floodplains of eastern United States (from Light and others, 1995, app. III).
2Evidence of use of floodplain habitats for reproduction (spawning, larval, or young-of-the-year fishes collected) in river floodplains of eastern United



States (from Light and others, 1995, app. III; and Killgore and Baker, 1996).



Occurrence in floodplain of
Apalachicola or other rivers



of eastern United States
 Species of fishes known to inhabit the Apalachicola River



Number
of



species



Common or
abundant in
Apalachicola
floodplain
collections



Spotted gar1,2



Bowfin1,2



American eel
Gizzard shad2



Threadfin shad2



Common carp2



Golden shiner1,2



Bluestripe shiner



Taillight shiner1,2



Blacktail shiner2



Spotted sucker1,2



Pirate perch1,2



Mosquitofish1,2



Brook silverside1,2



Okefenokee
     pygmy sunfish1



Redbreast sunfish
Warmouth1,2



Bluegill1,2



Redear sunfish1,2



Spotted sunfish1



Largemouth bass1,2



Black crappie1,2



22



Collected in low numbers
in Apalachicola
floodplain



Longnose gar1,2



Skipjack herring
Redfin pickerel1,2



Chain pickerel1



Pugnose minnow1,2



Redeye chub
Coastal shiner
Weed shiner
Bandfin shiner
Lake chubsucker2



Grayfin redhorse



Snail bullhead
Yellow bullhead1,2



Brown bullhead1,2



Channel catfish2



Spotted bullhead
Atlantic needlefish
Eastern starhead
     topminnow
Blackspotted
     topminnow1,2



Bluefin killifish1



Least killifish1,2



Sunshine bass
Flier1,2



Everglades pygmy sunfish
Orangespotted sunfish1



Dollar sunfish
Blackbanded darter2



Striped mullet
Hogchoker



29



Present in floodplains
of other rivers of
eastern United States;
presence in Apalachicola
floodplain probable



Silverjaw minnow
Bannerfin shiner
Bluenose shiner
Quillback
White catfish
Black madtom
Tadpole madtom1,2



Speckled madtom
Flathead catfish
Golden topminnow1



Pygmy killifish
White bass2



Striped  bass
Banded pygmy
     sunfish1,2



Bluespotted sunfish1,2



Banded sunfish
Green sunfish1



Spotted bass
Brown darter
Swamp darter
Gulf darter2



Sauger



22



No documented
occurrences in floodplains
of other rivers of
eastern United States;
presence in Apalachicola
floodplain uncertain



Southern brook
     lamprey
Gulf of Mexico
     sturgeon
Alabama shad
Clear chub
Ironcolor shiner



Dusky shiner
Sailfin shiner
Longnose shiner
Flagfin shiner
Creek chub
Banded topminow
Shadow bass



Shoal bass
Florida sand darter
Goldstripe darter
Yellow perch
Mountain mullet
Southern flounder



18



Number of species known to inhabit the Apalachicola River 91
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Most of the 22 additional species in
table 8 that were present in other
river floodplains would probably be
found in the Apalachicola River
floodplain if more comprehensive
sampling was conducted in other
types of habitat using a variety of
collection methods. For example, in
other river floodplains, white cat-
fish, three species of madtoms
(black, tadpole, and speckled), and
small centrarchids such as banded
pygmy sunfish and bluespotted sun-
fish were frequently collected with
seines, dip nets, traps, and rotenone
(Holder, 1971; Ross and Baker,
1983; Walker and Sniffen, 1985;
Finger and Stewart, 1987; Kwak,
1988; Baker and others, 1991;
Knight and others, 1991; Leitman
and others, 1991). Information on
river floodplain fishes in the eastern
United States in table 8 was summa-
rized from 14 sources, one of which
(Baker and others, 1991) summa-
rized floodplain collections in the
lower Mississippi River from more
than 70 sources of information.



The fish communities of
relatively large streams with
sluggish flow in the Apalachicola
River floodplain have been well-
documented by the Florida Game
and Fresh Water Fish Commission.
Forty-four species were collected
during low flows in the following
six floodplain streams when they
were connected to the main channel:
Iamonia Lake, Equaloxic Creek,
Florida River, River Styx, Kennedy
Creek, and Owl Creek (Hill and oth-
ers, 1990; Light and others, 1995,
app. II). The most frequently col-
lected species (in order from most to
least common) were bluegill, brook
silverside, bowfin, largemouth bass,
spotted gar, redear sunfish, spotted
sucker, warmouth, American eel,
and redbreast sunfish.



More swiftly flowing streams
such as Flat Creek, Middle Slough
(connected to Iamonia Lake), and
Swift Creek (connected to River
Styx) probably support common
Apalachicola River species such as
gizzard shad, threadfin shad, weed
shiner, blacktail shiner, spotted
sucker, bluegill, largemouth bass,
redear sunfish, and redbreast sunfish,
as well as fishes that prefer smaller
streams such as flagfin shiner, band-
fin shiner, and Gulf darter (Lee and
others, 1980). The fish communities
of these streams are relatively
undocumented, with the notable
exception of striped bass. The
Apalachicola River system harbors
the last remaining native population
of Gulf race striped bass in the
Southeast (Wooley and Crateau,
1983). Flowing streams in the flood-
plain that have cool water from
springs or ground-water seepage are
thermal refuges that are critical to
the survival in summer of adult
striped bass, which cannot tolerate
the warmer waters of the main chan-
nel (Moss, 1985; Coutant, 1987; Van
Den Avyle and Evans, 1990). Sam-
pling efforts by the Florida Game
and Fresh Water Fish Commission
confirm that striped bass use more
than a dozen flowing streams in the
upper reach of the Apalachicola
River floodplain as thermal refuges
(Charles Mesing, FGFWFC, written
commun., 1995). Entrenchment in
the upper reach of the river has low-
ered river stages and greatly
decreased fish access to these flow-
ing streams during low flows
(fig. 30).



Isolated water bodies in the
floodplain are primarily still-water
habitats with shallow waters (less
than 3 ft deep) that support fish
communities distinctly different
from deep, flowing waters of the
main channel (Baker and others,



1991). A total of 31 species, identi-
fied on table 8, are known to inhabit
isolated aquatic habitat in river
floodplains of the eastern United
States, the most common being red-
fin pickerel, golden shiner, taillight
shiner, yellow bullhead, pirate
perch, mosquitofish, least killifish,
flier, banded pygmy sunfish, war-
mouth, bluegill, and black crappie
(Kwak, 1988; Baker and others,
1991; Leitman and others, 1991;
Light and others, 1995). Most or all
of these species would probably be
found in the Apalachicola River
floodplain with expanded collection
efforts. A few of these species may
be almost entirely dependent on
floodplain habitats, residing year-
round in still-water habitats of the
floodplain and rarely entering the
main channel. Species that primarily
inhabit isolated aquatic habitats in
the floodplain have been known to
tolerate dissolved oxygen concen-
trations less than 1 ppm (Leitman
and others, 1991).



Many main channel fishes
exploit inundated floodplain
habitats during high flows; these
habitats are primarily flooded
forests, with a relatively small per-
centage of the total area being
flooded streams and lakes. All
73 species that have been collected
in the river floodplains of the eastern
United States under various hydro-
logic conditions (table 8), are proba-
bly present on those floodplains
during floods. (A total of 64 species
have been collected on inundated
floodplains during high water (Light
and others, 1995, app. III); the
remaining 9 species found in con-
nected streams and isolated ponds
probably remain on the floodplain
during floods, but have not yet been
collected there at high water.) The
extent of flood exploitation was sim-
ilar on the adjacent Ochlockonee
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River (fig. 1) where 75 percent of the
known main channel species was
collected in the floodplain during
floods (Leitman and others, 1991).



Fishes use floodplains to
fulfill basic needs for food, shelter
from predators, and reproduction
(Baker and others, 1991; Wharton
and others, 1981, 1982). Several
studies of southeastern rivers
reviewed by Wharton and others
(1981) have documented feeding
on floodplains as evidenced by
terrestrial invertebrates in the stom-
achs of fishes collected on inun-
dated floodplains. The abundant
vegetative structure in floodplain
habitat such as snags, stumps,
debris, grasses, and shrubs provide
excellent shelter from predators
(Aggus and Elliott, 1975; Savino
and Stein, 1982; Benke and others,



Table 9. Summary of areas of aquatic habitat in the floodplain that are connected to the main channel of the Apalachicola
River in relation to flows ranging from 4,000 to 16,000 cubic feet per second
[These data are presented in graphical form for a wider range of flows in figures 25-32; <, less than; >, greater than; >, greater than or equal to; ft, feet;
%, percent]



Flow at
Chatta-



hoochee
gage,



in
cubic
feet
per



second



Area of aquatic habitat in the floodplain that is connected to the main river channel at or above given flow value, in acres
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entrenched
conditions
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Flowing water
with 2-way



connection in
upper reach



under
entrenched
conditions



(and prior to
entrenchment)



General soil type Vegetative
structure



Small
fishes



(depths
>0 ft)



Medium
fishes



(depths
>1 ft)



Large
fishes



(depths
>3 ft) Si



lt-
cl



ay



Sa
nd



y



O
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Low
(<15%)



Moder-
ate to
high



(>15%)



4,000 12 (32)  47  100 160 0 158 160 120 87 150 4.3 0.3 (17) 150 3.7 0 150 13



5,000  17 (43)  61  190  260 0 263 260 150 110  250 12 5.5 (25) 230 36 0 250 15



6,000  24 (52)  75  230  330 0 329 330 250 110 300 33 12 (33) 280 50 0 310 24



7,000  24 (55)  96  290  410 17 394 410 300 120 370 46 12 (33) 350 57 0 380  26



8,000 31 (60)  320  390  740 81 661  740 380 150 660 86 17 (33) 680 67 0 700 45



9,000  33 (63)  380  570  970 200 778 970 600 220 780 190 19 (33) 890 83 0 910 65



10,000  36 (70)  400  630 1,100 210 856 1,100 780 280 810 250 20 (34) 970 90 0 980 87



 11,000 51 (83)  620  720 1,400 420 974 1,400 1,000 340 950 450 34 (34) 1,300 97 3.2 1,200 190



 12,000  52 (91)  850  950 1,900 740 1,120 1,900 1,200 580 1,100 770 35 (35) 1,700 100 14 1,400 450



 13,000  54 (99) 1,100  1,200 2,300 1,100 1,210 2,300 1,300 680 1,400 870 36 (43) 2,100 110 26 1,600 710



 14,000  56 (110) 1,400  1,600 3,000 1,700 1,320 3,000 1,800 810 2,100 950 36 (53) 2,900 120 49 1,900 1,200



 15,000  62 (200) 1,800  3,100 4,900 3,500 1,420 4,900 2,000 880 3,800 1,100 42 (63) 4,700 130 100 2,500 2,400



 16,000  63 (290) 2,600  4,300 7,000 5,500 1,510 7,000 2,600 1,100 5,800 1,200 42 (66) 6,700 130 170 3,200 3,800



1985; Harmon and others, 1986).
Evidence of reproduction on other
river floodplains indicate that at
least 33 Apalachicola River species
(identified on table 8) may use
floodplain habitats for spawning or
nursery grounds (Guillory, 1979;
Finger and Stewart, 1987; Leitman
and others, 1991; Killgore and
Baker, 1996).



educed flows in the Apalachi-
cola River may result from



increased use of water upstream in
the Chattahoochee and Flint River
Basins or when flows are regulated
for navigation. Understanding the



APPLICATION OF
STUDY RESULTS



R



impacts of these flow alterations is
important in long-term mainte-
nance of wetland functions in the
floodplain. The results of this study
can be used to assess the effects of
flow alterations on the area of vari-
ous types of aquatic habitats in the
floodplain of the Apalachicola
River. Changes in the types and
amount of aquatic habitats are
widely known to produce changes
in biotic communities (Gorman and
Karr, 1978; Baker and others,
1991). Habitat-based evaluations
are frequently used to assess envi-
ronmental impacts (Bovee, 1982).



Flow reductions that occur
when flows are less than 16,000 ft3/s
will result in a decrease in area of
most types of connected aquatic
habitat in the floodplain in most
reaches of the river (table 9).
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However, the specific effects of flow
reductions vary with the range of
flows at which the reduction occurs.
For example, a flow reduction of
1,000 ft3/s will decrease the area of
aquatic habitat connected to the
main channel in the entire nontidal
river about 105 acres if the reduc-
tion is from 5,000 to 4,000 ft3/s;
about 331 acres if the reduction is
from 8,000 to 7,000 ft3/s; and about
2,090 acres if the reduction is from
16,000 to 15,000 ft3/s. Generally,
when flows are between 4,000 and
16,000 ft3/s, much larger areas of
connected aquatic habitat are
affected by flow reductions occur-
ring at higher flows within that
range than at lower flows. How-
ever, it would be misleading to
conclude from this statement that
flow alterations occurring at lower
flows have less impact than those
occurring at higher flows. Decrease
in total area of aquatic habitat is an
important measure of the impact of
flow alterations; however, relatively
small decreases in a particular type
of habitat can be important to cer-
tain species, especially at low flows
when that type of habitat is already
scarce. For example, cool-water
streams in the floodplain of the
upper reach of the Apalachicola
River are important thermal refuges
for striped bass. Entrenchment in
the upper reach of the river has
lowered river stages and greatly
decreased 2-way access for fishes to
flowing streams in the upper reach
during low water periods (table 9),
many of which are thermal refuges
for striped bass. The amount of
these habitats remaining at low
flows is already low; thus, even
relatively minor flow reductions
during low flows may have a large
impact on striped bass if cool-water
streams used for thermal refuges
are affected.



A few other examples from
table 9 illustrate how the specific
effects of flow reductions will vary
with the range of flows at which the
flow reduction occurs. Flow reduc-
tions that occur when flows are less
than 5,000 ft3/s will nearly elimi-
nate aquatic habitat having sandy
soils in the floodplain that is con-
nected to the main channel. Flow
reductions that occur when flows
are between 6,000 and 9,000 ft3/s
will reduce the area of connected
aquatic habitat in forests when the
area of that habitat is already less
than 200 acres. Flow reductions
that occur when flows are between
10,000 and 16,000 ft3/s will greatly
reduce the number of acres of con-
nected aquatic habitat with moder-
ate to high vegetative structure.



Flow alterations that
occurred in the Apalachicola River
during 1990-95 are used in the
following discussion as examples to
show how the results of this investi-
gation can be used to determine the
effects of flow alterations on habitat
area. The USACE regulated flows
to create 16 navigation windows
from 1990 to 1995 to increase the
amount of time that barge traffic
could navigate on the Apalachicola
River (app. III). Immediately prior
to each navigation window was a
prewindow period in which water
was stored in several of the
upstream USACE reservoirs for an
average of 15 days. During the
navigation window, stored water
was released at a consistent rate
sufficient to support navigation by
barges. The transition period
between the prewindow and win-
dow was typically a 1-day period of
rapidly increasing flow. The effects
of flow augmentation have not been
taken into account with regard to
the average flows in appendix III;
these flows were averaged from



actual flows that occurred on the
dates indicated.



Flows during the period
October 23-November 24, 1990,
which included one prewindow
period and its corresponding win-
dow, were selected for use as a
specific example in this discussion
and are shown in the green shaded
area in table 10. The prewindow
period included in this example
has the lowest average flow of all
prewindow periods (app. III).
Flows during the previous window
and subsequent prewindow are
shown outside the shaded area. The
area of connected aquatic habitat in
the floodplain was reduced by about
1,700 acres in a 3-day period (Octo-
ber 20-23) as the previous window
ended and the prewindow period
began. After the 19-day prewin-
dow period ended on November 10,
the area of connected aquatic habi-
tat increased by about 1,900 acres
in a 2-day transition period. After
the 13-day window period ended on
November 24, the area of connected
aquatic habitat decreased again by
about 1,800 acres in a 2-day period
as the next prewindow period
began. If the window had not been
implemented, the area of aquatic
habitat connected to the main
channel for the prewindow and
window period from October 23 to
November 24 would have averaged
about 910 acres (based on the aver-
age flow for that 33-day period). As
a result of this flow alteration, there
was about 590 fewer acres of con-
nected aquatic habitat during the
prewindow period than there would
have been if the window had not
been implemented. Also there was
about 1,300 more acres of con-
nected aquatic habitat during the
window than there would have been
if the window had not been imple-
mented.
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Documenting the impacts of
flow alterations on biota involves
diverse and complex investiga-
tions that are beyond the scope of
this study. However, some possi-
ble impacts on fishes are described
in the following discussion and
might serve as a basis for further
research. Probably 80 percent of
fish species known to inhabit the
Apalachicola River use floodplain
habitats as a source of food, shelter,
or reproductive sites. In addition to
590 fewer acres for 19 days from
October 23 to November 10, two
other prewindow periods occurred
in the fall of 1990, resulting in a
total of 54 days in which there was
an average of 540 fewer acres of
connected aquatic habitat available
to main channel fishes than if the
windows had not been imple-
mented (19 additional days with
400 fewer acres, and 16 additional
days with 650 fewer acres, as inter-
polated from table 9 using flows
from appendix III). A reduction in
habitat of this magnitude and dura-
tion means that food sources were
reduced for many main channel
fishes in 1990, which may have
affected both the survival rate of



Table 10. Area of aquatic habitat in the floodplain that is connected to the main channel of the Apalachicola River at flows
preceding, during, and after a navigation window and at estimated flows if the window had not been implemented
[Green shaded rows give data for the period October 23–November 24, 1990, which is used as an example in the text. Data for the transition period of
1 day are not shown. Average flow for the total period (in italics) represents the estimated flow that may have occurred during the prewindow, transition,
and window periods if the window had not been implemented. Nonshaded rows give data for the previous window and and the next prewindow. Dates
and flows for all periods were determined from daily mean flows at the Chattahoochee gage]



Period Dates
Average flow at



Chattahoochee gage
during indicated period,
in cubic feet per second



Area of aquatic habitat in
floodplain that is connected
to main channel at or above



indicated flow value,
in acres



Previous window (water release period) Oct. 15–20, 1990 12,300 2,000



Prewindow (water storage period) Oct. 23 – Nov. 10, 1990 5,900 320



Total period (prewindow, transition, and window periods
combined)



Oct. 23 – Nov. 24, 1990 8,720 910



Window (water release period) Nov. 12–24, 1990 12,900 2,200



Next prewindow (water storage period) Nov. 26 – Dec. 11, 1990 6,690 390



some fishes as well as spawning
success for certain species the
following winter and spring. Pro-
tection from predation was proba-
bly compromised also; fishes were
concentrated into less space during
prewindows which may have
affected survival rates for many
juvenile fishes. Most fishes spawn
in late winter, spring, or summer;
however, a few species such as
redfin pickerel and chain pickerel
sometimes spawn in the fall (Lee
and others, 1980). For those
species, reduced habitat during
prewindows meant that area avail-
able for spawning was reduced in
1990. Nine of the 16 prewindows
from 1990 to 1995 (app. III)
occurred in spring or summer, and
probably affected the availability
of spawning sites as well as the
survival rate of larval fishes for
many species that are spring or
summer spawners.



Of the 590 fewer acres of
connected aquatic habitat available
to main channel fishes during the
prewindow, an estimated 60 per-
cent was habitat that was drained of
all standing water and eliminated
as aquatic habitat for fishes.



Drained areas with no standing
water included low forest areas,
dry streambeds, and the exposed
parts of streambeds that were par-
tially dry and partially covered
with isolated pools in streams such
as Johnson Creek (fig. 12), Old
River, and Moccasin Slough. The
remaining 40 percent was aquatic
habitat that was disconnected from
the main channel and no longer
accessible to main channel fishes.
These disconnected aquatic
habitats include large isolated bod-
ies of water such as Iamonia Lake
(fig. 15) and Kennedy Slough (a
tributary of Kennedy Creek), as
well as many small isolated pools
in partially dry streambeds. Field
observations made by the authors
in this and a previous study
(Leitman and others, 1991)
indicate that fishes are frequently
trapped in isolated pools that can
develop stagnant conditions shortly
after they are disconnected. Oxy-
gen demand exceeds oxygen sup-
ply when organisms are trapped
and concentrated into small areas;
the result can be very low dissolved
oxygen concentrations, especially
during hot weather.
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During November 24-26,
1990, river levels at the end of a
navigation window and the start of
the next prewindow period dropped
very rapidly, with flows decreasing
by 6,210 ft3/s in a 2-day period.
Species such as taillight shiner,
flier, and warmouth that are known
to inhabit isolated pools, may not
be adversely affected by being
trapped during prewindows
because they are adapted to low
dissolved oxygen concentrations.
Many other species use the flood-
plain that may either prefer flowing
waters or be sensitive to low dis-
solved oxygen concentrations, such
as redbreast sunfish, Gulf darter,
and blackbanded darter. Less toler-
ant species are also likely to be
trapped in isolated pools, espe-
cially if river levels were consis-
tently higher in a previous window,
and then drop rapidly to very low
levels. Many fishes may succumb
to the adverse conditions, or they
may be stressed by crowding, low
dissolved oxygen, and high tem-
peratures and become vulnerable to
infection. Columnaris, a disease of
fishes that was implicated in a fish
kill that occurred in summer 1995
in the Apalachicola River (Charles
Mesing, FGFWFC, written com-
mun., 1995), is caused by a ubiqui-
tous bacterial organism that is
common in the water, soil, and
even on the skin of healthy fish.
Columnaris disease “is thought to
result more from stress factors
which adversely affect the fishes’
natural defense mechanisms, than



from the presence of the bacteria”
(Francis-Floyd, 1988).



Assessing impacts of flow
alterations is complicated by the
fact that large and sometimes rapid
fluctuations in flow occur naturally
in the Apalachicola River. Low
flows are a relatively common
occurrence in summer and fall
under unregulated conditions, and
frequent storms at that time of year
may cause rapid increases and
decreases in river flow. Determin-
ing how river level fluctuations
when flows are regulated for navi-
gation windows differ from the
fluctuations that might have
occurred if the windows had not
been implemented is an important
component in evaluating the
impacts of this flow alteration. The
19-day prewindow from October
23 to November 10, 1990, shown
in table 10 included 12 consecutive
days in which the flow was less
than 6,000 ft3/s. In that climatic
year (March 1, 1990–April 30,
1991) flows below 6,000 ft3/s
occurred only during prewindow
periods. Flows below 6,000 ft3/s
for a duration of 12 consecutive
days have occurred in only 10 per-
cent of the years 1922-95 (table 2)
which in unregulated streams
would be equivalent to once every
10 years on average. Thus a low-
flow event of this type is relatively
infrequent in the period of record,
and would probably not have
occurred in 1990 if navigation
windows had not been imple-
mented. If flow regulation to pro-
vide navigation windows for barge



traffic continues to be used in dry
years, the durations presented in
table 2 will likely change for low
and very low flows. Multiple-year
and monthly flow characteristics
also will probably change. Flows
below 6,000 ft3/s for a duration of
12 consecutive days have never
occurred each year for more than 2
consecutive years (table 3), and
have never occurred in the months
of December through July
(table 4). Continued use of naviga-
tion windows may change other
characteristics of the flow record
that were not analyzed in this
report, such as the number of times
in the driest months of September,
October, and November that flows
increase or decrease by 6,000 ft3/s
in a period of 0 to 3 days.



As the preceding discussion
implies, a thorough evaluation of
the impacts of navigation windows
or of any other type of flow alter-
ation would require additional
study which is beyond the scope of
this investigation. One particular
navigation window was used as an
example in table 10; other naviga-
tion windows and other types of
flow alterations would result in
different effects. This report pro-
vides detailed information for
determining the effects of altered
flows on types and extent of
aquatic habitat. Other important
components of impact analysis
include studies addressing effects
of altered flows on biotic commu-
nities and comparisons of altered to
historical flows.
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he Apalachicola River is a
large alluvial river in northern



Florida formed by the confluence
of the Chattahoochee and Flint
Rivers in Georgia and Alabama.
Increasing demands for water in
the three States have resulted in
conflicts, particularly during
droughts. Water requirements of
the Apalachicola River are
addressed in this report, which
presents information on aquatic
habitat in the floodplain in relation
to river flow. Results of this inves-



SUMMARY AND CONCLUSIONS



T tigation can be used to evaluate
potential impacts of flow alter-
ations on floodplain habitat.
Specific items covered in this
report are (1) an analysis of long-
term flow record in the Apalachi-
cola River, (2) a description of the
major types of floodplain streams,
lakes, and swamps in relation to
river flow, (3) estimates of the area
of several different types of flood-
plain habitat in relation to river
flow, (4) information about the
species of fishes that occur in the



floodplain, and (5) examples
showing how these results can be
used to assess impacts of flow
alterations on aquatic habitats and
fishes in the Apalachicola River
floodplain. The study was con-
ducted from 1992 to 1996 in the
nontidal floodplain of the Apalach-
icola River. Hydrologic analyses
were based on 74 years of river
stage and flow records (1922-95) at
Chattahoochee, Fla. All flows in
the following summary refer to
flows at the Chattahoochee gage.



Principal conclusions relating to the first four items are grouped by the following general flow ranges:



Very low flows (less than 6,000 ft3/s)



• Very low flows occurred in 15 of the 74 years of record. Flows less than 5,000 ft3/s occurred in only 4 years
(1981, 1986, 1987, and 1988). The lowest mean daily flow in the period of record was 3,900 ft3/s in
November 1987. The droughts of the 1980’s were the most severe in terms of low-flow durations in a single
year; however, the 1950’s drought was drier in terms of multiple-year low-flow durations.



• At a river flow of 5,000 ft3/s, an estimated 260 acres of floodplain streams and lakes is aquatic habitat
connected to the main channel, most of which is still-water habitat in the nontidal lower reach. The lower
reach has many streams and lakes, such as Owl Creek and Lockey Lake, with bottom elevations below sea
level and deep connections to the main channel at very low flows.



• In the upper reach, entrenchment that occurred after construction of Jim Woodruff Dam lowered bed eleva-
tions and river stages and altered connections between floodplain streams and the main channel. Many peren-
nial streams in the upper reach, such as Flat Creek and Mosquito Creek, which were accessible to main
channel fishes at low and very low flows prior to entrenchment, are now inaccessible because of waterfalls or
very shallow water at their mouths.



• At a river flow of 5,000 ft3/s, about 77,900 acres (95 percent of the floodplain) is forest habitat with no
surface water present. Major forest types are tupelo-cypress and mixed bottomland hardwoods; surface soils
are predominantly silt-clays.



• At a river flow of 5,000 ft3/s, about 4,000 acres (5 percent of the floodplain) is isolated aquatic habitat. Most
of these areas are tupelo-cypress swamps with standing water less than 3 ft deep. The pond level in some
isolated swamps in the upper reach can be perched as much as 12 ft above the elevation of the low-water
surface of the river.



• About one-third of the 91 fish species known to inhabit the Apalachicola River have been collected in
isolated aquatic habitat in river floodplains of the eastern United States; the most common being redfin pick-
erel, golden shiner, taillight shiner, yellow bullhead, pirate perch, mosquitofish, least killifish, flier, banded
pygmy sunfish, warmouth, bluegill, and black crappie.
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Low flows (6,000–10,000 ft3/s)



• Low flows occur in most years. The median annual 1-day low flow for the period of record is 8,490 ft3/s.
Flows less than 8,000 ft3/s occurred in 34 of the 74 years of record. Low flows typically occur in September,
October, and November.



• At a river flow of 8,000 ft3/s, the estimated area of connected aquatic habitat in the floodplain is 740 acres.
Most of this area is located in tributary lakes, which are open bodies of water with little or no flow that are
affected by backwater from the main river channel. The largest tributary lakes are Iamonia Lake, Outside
Lake, and Florida River in the middle reach, and River Styx and Kennedy Creek in the nontidal lower reach.



• At a river flow of 8,000 ft3/s, the area of still-water habitat (660 acres) greatly exceeds the area of flowing
water habitat (86 acres). Both still-water and flowing-water habitats in shallow floodplain water bodies
provide refuges for fishes from the deeper and more swiftly flowing waters in the main channel.



• At low flows, most of the connected aquatic habitat is confined to streambeds in which the amount of vegeta-
tive structure is lower than in other floodplain habitat, but probably higher than in the main channel.



• Forty-four fish species were collected in connected aquatic habitat in the Apalachicola River floodplain
during low flows, the most common being bluegill, brook silverside, bowfin, largemouth bass, spotted gar,
redear sunfish, spotted sucker, warmouth, American eel, and redbreast sunfish. These collections were made
in a previous study by the Florida Game and Fresh Water Fish Commission, primarily in large tributary lakes
connected to the main channel in the middle and lower reaches of the river.



Medium flows (10,000–20,000 ft3/s)



• Medium flows occur every year. The median flow for the period of record is 16,400 ft3/s. Flows less than
16,000 ft3/s do not normally occur in the wettest months of February, March, and April; flows greater than
16,000 ft3/s do not normally occur in the driest months of September, October, and November.



• At river flows above 10,000 ft3/s, the area of connected aquatic habitat increases more rapidly in forests than
in streams and lakes. At the median flow of 16,400 ft3/s, approximately 8,200 acres (10 percent of the flood-
plain) is connected aquatic habitat. Most of these areas are tupelo-cypress swamps bordering streams and
lakes in the middle and nontidal lower reaches that are inundated by backwater from the main channel.



• During medium flows, water in most of the connected aquatic habitat in forests is not flowing. Opportunities
for water to flow through floodplain forests are limited because the water is not yet high enough to break over
levees and ridges that control connections between different parts of floodplain.



• At a river flow of 19,000 ft3/s, most of the 230 miles of streams and lakes that are connected to the main chan-
nel is flowing. Tributary lakes of the middle and lower reach are still affected by backwater at this flow, but
are slowly flowing because a considerable amount of water from the main channel is being diverted into them
by way of connector streams. Bee Tree Slough and Mary Slough are examples of connector streams flowing
from the main channel into Iamonia Lake during medium river flows. Connector streams also carry water
from one tributary lake to another, such as Shepard Slough, which flows from River Styx to Kennedy Creek.
Loop streams such as Old River are fed by flow diverted from the main channel that flows for a few miles
through the floodplain and then back into the river farther downstream.



• The amount of vegetative structure in connected aquatic habitat is much greater during medium flows than
during low flows. This is because water is no longer contained in the beds of floodplain streams, but is cover-
ing vegetation and woody debris on streambanks and in adjacent swamps. Flooded vegetative structure
provides cover for prey refuges, food sources, and reproductive sites for fishes and aquatic invertebrates.
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Medium-high flows (20,000–50,000 ft3/s)



• Medium-high flows occur every year. In a typical year of the period of record, flows exceeded 20,000 ft3/s for
a total duration of 142 days and exceeded 45,000 ft3/s for 30 days. The lowest annual 1-day high flow was
24,300 ft3/s in 1941.



• As flows increase from 20,000 to 50,000 ft3/s, the area of connected aquatic habitat increases from about 19
to 82 percent of the floodplain. An estimated 40,700 acres, which is approximately one-half of the floodplain,
is connected aquatic habitat at a river flow of 32,000 ft3/s.



• At flows from 23,000 to 40,000 ft3/s, the area of flowing-water habitat is roughly equal to the area of still-
water habitat. Water velocities observed in most flowing-water habitats in the floodplain (less than 1 ft/s) are
much lower than velocities in the main channel (1-4 ft/s), with the exception of loop and connector streams
that carry river water at a relatively high velocity along a steeper course than the main channel.



• Nearly all aquatic habitat in tupelo-cypress swamps that is isolated at lower flows is connected to the main
channel between flows of 20,000 to 40,000 ft3/s. The flow required to flood isolated swamps decreases down-
stream, with river flows of 30,000 to 35,000 ft3/s required to flood most isolated swamps in the upper reach,
and 20,000 to 25,000 ft3/s required in the nontidal lower reach. Large areas of organic soils in isolated
swamps, which comprise about 3 percent of the floodplain, are connected to the main channel at medium-
high flows.



High flows (greater than 50,000 ft3/s)



• High flows occur in most years. The median annual 1-day high flow for the period of record was 86,200 ft3/s.
Flows above 100,000 ft3/s occurred in 25 of the 74 years of record. The highest mean daily flow was
291,000 ft3/s in March 1929.



• At the median annual 1-day high flow of 86,200 ft3/s, about 78,000 acres (95 percent of the floodplain) is
connected aquatic habitat. The remaining 4,200 acres of floodplain that is still dry and exposed at this flow is
mostly high levees adjacent to the main channel. Most of the 6,400 acres of sandy soils in the floodplain are
found on high levees.



• During high flows, water is moving through most of the floodplain in a general downstream direction. At a
flow of 65,000 ft3/s, more than 99 percent of the aquatic habitat in the floodplain is flowing.



• Many main channel fishes migrate into inundated floodplain forests where greatly increased food sources and
abundant vegetative structure are available to them. Eighty percent, or 73 of the 91 species known to inhabit
the Apalachicola River have been collected in river floodplains of the eastern United States under various
hydrologic conditions and are probably present in floodplains during floods.



The following are principal conclusions relating to the last item, application of study results to assess
impacts of flow alterations on aquatic habitats and fishes in the Apalachicola River floodplain:



• Flow reductions that occur when flows are less than 16,000 ft3/s will result in a decrease in area of most types
of connected aquatic habitat in the floodplain in most reaches of the river. Specific effects of flow reductions
vary with the range of flows at which the reduction occurs.



• Generally, when flows are between 4,000 and 16,000 ft3/s, much larger areas of connected aquatic habitat are
affected by flow reductions occurring at higher flows within that range than at lower flows. However, rela-
tively small decreases in a particular type of habitat can be extremely important to certain species, especially
during low flows when that type of habitat is already scarce. For example, the amount of flowing-water
habitat in streams of the upper reach is extremely small during low flows. Relatively minor flow reductions
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during low flows may have a large impact on striped bass if cool-water streams used for thermal refuges are
affected.



• Flow regulation to create navigation windows for barge traffic during the period October 23-November 24,
1990, was selected for use as an example period of altered flows. Flows decreased rapidly by 6,400 ft3/s
immediately prior to the prewindow period, flows increased rapidly by 7,000 ft3/s just prior to the window
period, and flows decreased rapidly again by 6,210 ft3/s immediately after the window. As a result of this
flow alteration, there was about 590 fewer acres of connected aquatic habitat during the prewindow period
than there would have been if the window had not been implemented. Also there was about 1,300 more acres
of connected aquatic habitat during the window than there would have been if the window had not been
implemented.



• Although detailing the effects of flow alterations on biota was beyond the scope of this study, some possible
impacts on fishes were described to provide suggestions for further evaluation and research. Reduced aquatic
habitat in the floodplain limits the amount of food, protective cover, and spawning sites for many species of
fishes that utilize these areas. When flows are reduced, some areas are drained of all standing water and
eliminated as aquatic habitat for fishes. Other habitat remains aquatic after flows decrease, but is discon-
nected from the main channel and can no longer be accessed by main channel fishes. Fishes are likely to be
trapped in isolated pools, especially if river levels drop rapidly, and may be subjected to crowded conditions
and low dissolved oxygen concentrations. Many fishes may succumb to the adverse conditions, or they may
be stressed and become vulnerable to infection.



• Assessing impacts of flow alterations is complicated by the fact that large and sometimes rapid fluctuations in
flow occur naturally in the Apalachicola River. A low-flow event of the type that occurred in the period of
flow regulation used as an example in this report occurred once every 10 years on average in the 74-year
period of record, and would probably not have occurred that year if navigation windows had not been imple-
mented. Continued use of navigation windows in dry years will likely change low flow characteristics of the
river and potentially affect biotic communities in the floodplain.



• To thoroughly evaluate the impacts of navigation windows or of any other type of flow alteration, it is impor-
tant to determine the types and extent of habitat affected, address impacts on biotic communities, and make
comparisons of altered to historical flows.
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Appendix I. Greatest number of consecutive days and total number of days in each year from 1922 to 1995 that flow was
below given flow values from 4,000 to 16,000 cubic feet per second in the Apalachicola River at Chattahoochee, Florida



A. GREATEST NUMBER OF CONSECUTIVE DAYS



[Analysis is based on climatic years of April 1–March 31 to avoid splitting low-flow periods that typically occur in summer and fall]



Year
Greatest number of consecutive days in indicated year that flow was below given flow value



4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000 16,000



1922 0 0 0 0 7 19 46 49 106 107 109 119 120



1923 0 0 0 0 0 0 8 28 31 36 36 60 75



1924 0 0 0 0 0 5 7 23 35 35 35 35 35



1925 0 0 57 63 98 101 104 106 156 156 164 208 210



1926 0 0 0 0 0 0 6 19 36 37 43 43 44



1927 0 0 3 66 88 97 98 99 107 109 109 111 118



1928 0 0 0 0 0 0 0 0 2 6 11 30 33



1929 0 0 0 0 0 0 4 6 14 26 28 33 34



1930 0 0 0 0 3 12 19 20 32 34 39 47 52



1931 0 0 32 58 95 101 103 106 109 109 111 205 207



1932 0 0 0 0 0 11 19 31 45 46 51 52 52



1933 0 0 0 0 6 43 84 110 121 163 166 192 217



1934 0 0 0 0 4 14 32 44 68 84 86 86 87



1935 0 0 5 30 39 46 49 54 57 60 61 62 111



1936 0 0 0 0 0 0 2 3 10 31 37 50 51



1937 0 0 0 0 0 0 0 3 6 18 32 33 47



1938 0 0 0 6 30 52 96 116 138 148 169 173 174



1939 0 0 0 0 0 10 57 62 73 79 80 83 85



1940 0 0 0 9 44 47 60 66 67 68 106 117 125



1941 0 0 1 40 52 89 96 104 120 121 123 128 128



1942 0 0 0 0 0 0 2 12 24 54 63 64 66



1943 0 0 0 0 2 30 43 45 78 79 128 129 132



1944 0 0 0 0 0 3 25 49 58 60 74 77 110



1945 0 0 0 0 0 0 2 9 10 24 27 28 56



1946 0 0 0 0 0 0 0 3 7 24 33 81 94



1947 0 0 0 0 0 0 4 12 37 61 67 70 70



1948 0 0 0 0 0 0 0 0 0 8 10 13 16



1949 0 0 0 0 0 0 0 0 2 19 36 37 39



1950 0 0 0 0 10 20 40 42 48 50 90 91 105



1951 0 0 0 28 36 51 54 77 78 80 81 225 226



1952 0 0 0 24 52 67 71 76 116 117 179 180 200



1953 0 0 0 0 0 0 6 12 22 38 53 54 55



1954 0 0 64 80 105 128 155 157 158 185 192 195 208



1955 0 0 53 70 85 93 170 175 177 178 183 183 189



1956 0 0 7 35 41 50 64 68 70 134 135 135 135
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1957 0 0 4 5 34 45 52 53 77 79 86 87 87



1958 0 0 0 0 2 7 24 55 66 107 109 128 134



1959 0 0 0 0 0 4 14 14 21 26 31 32 42



1960 0 0 0 0 0 2 8 11 35 43 109 111 112



1961 0 0 0 0 6 16 49 57 82 83 83 91 92



1962 0 0 0 2 5 16 32 43 105 131 136 137 138



1963 0 0 0 0 3 16 41 116 117 117 125 125 126



1964 0 0 0 0 0 0 0 0 1 2 3 5 8



1965 0 0 0 0 0 0 0 2 8 23 28 32 40



1966 0 0 0 0 0 0 0 2 24 34 59 59 60



1967 0 0 0 0 0 0 0 0 5 14 30 49 60



1968 0 0 0 3 30 57 76 76 161 166 210 210 211



1969 0 0 0 0 0 0 3 13 55 65 66 68 68



1970 0 0 0 0 0 0 4 13 33 49 54 57 57



1971 0 0 0 0 0 0 0 3 21 27 33 65 66



1972 0 0 0 0 0 0 34 72 93 113 116 117 122



1973 0 0 0 0 0 0 0 22 38 45 59 66 67



1974 0 0 0 0 0 0 0 29 73 73 77 77 78



1975 0 0 0 0 0 0 0 0 0 3 4 5 9



1976 0 0 0 0 0 0 0 0 8 16 35 41 64



1977 0 0 0 0 0 0 19 40 58 65 68 92 92



1978 0 0 0 0 0 36 80 97 112 118 131 131 137



1979 0 0 0 0 0 0 0 4 27 50 57 58 59



1980 0 0 0 0 0 6 153 162 177 208 209 209 220



1981 0 1 40 49 64 76 174 241 244 256 261 261 262



1982 0 0 0 0 0 0 0 0 10 49 61 75 96



1983 0 0 0 0 0 0 0 2 7 16 30 63 106



1984 0 0 0 0 0 0 0 26 65 80 81 88 143



1985 0 0 0 0 0 6 44 60 61 78 105 110 216



1986 0 2 41 50 122 144 192 208 209 212 213 234 236



1987 3 6 6 14 15 49 90 97 132 140 169 184 188



1988 0 20 35 68 73 81 83 95 128 232 286 292 293



1989 0 0 0 0 0 0 0 3 7 14 15 28 40



1990 0 0 12 20 22 46 89 103 105 105 136 168 200



1991 0 0 0 1 20 23 23 23 24 35 41 55 111



1992 0 0 0 0 3 3 11 15 15 18 53 71 72



1993 0 0 3 12 14 17 22 22 23 74 74 112 147



1994 0 0 0 0 1 1 3 9 9 10 18 18 18



1995 0 0 0 0 13 15 19 19 19 19 20 82 87



Year
Greatest number of consecutive days in indicated year that flow was below given flow value



4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000 16,000
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Appendix I.Greatest number of consecutive days and total number of days in each year from 1922 to 1995 that flow was
below given flow values from 4,000 to 16,000 cubic feet per second in the Apalachicola River at Chattahoochee, Florida--



Continued



B. TOTAL NUMBER OF DAYS



[Analysis is based on climatic years of April 1–March 31 to avoid splitting low-flow periods that typically occur in summer and fall]



Year
Total number of days in indicated year that flow was below given flow value



4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000 16,000



1922 0 0 0 0 27 63 85 98 106 110 122 137 149



1923 0 0 0 0 0 0 18 43 52 58 64 76 84



1924 0 0 0 0 0 14 31 71 88 101 118 124 129



1925 0 0 57 82 104 137 161 182 205 216 233 249 254



1926 0 0 0 0 0 0 6 42 84 122 153 177 197



1927 0 0 5 75 96 144 157 179 226 244 261 277 291



1928 0 0 0 0 0 0 0 0 2 12 41 59 70



1929 0 0 0 0 0 0 6 9 15 27 30 36 44



1930 0 0 0 0 6 20 40 65 87 100 115 135 148



1931 0 0 45 79 102 144 161 173 180 189 197 205 207



1932 0 0 0 0 0 15 33 46 58 84 109 141 161



1933 0 0 0 0 36 91 111 138 170 215 242 259 267



1934 0 0 0 0 12 40 71 110 146 178 195 214 231



1935 0 0 5 31 53 79 119 150 166 188 203 222 235



1936 0 0 0 0 0 0 3 15 47 91 115 131 135



1937 0 0 0 0 0 0 0 3 16 55 85 112 156



1938 0 0 0 8 38 83 119 137 155 181 199 217 225



1939 0 0 0 0 0 18 57 65 74 95 115 131 140



1940 0 0 0 14 44 52 60 72 110 149 182 208 232



1941 0 0 1 79 115 140 156 187 203 212 221 232 242



1942 0 0 0 0 0 0 6 32 52 75 100 117 146



1943 0 0 0 0 5 47 75 103 117 125 130 146 174



1944 0 0 0 0 0 7 29 49 67 85 108 146 183



1945 0 0 0 0 0 0 2 27 55 91 114 136 168



1946 0 0 0 0 0 0 0 4 24 59 92 115 124



1947 0 0 0 0 0 0 7 29 49 63 72 82 89



1948 0 0 0 0 0 0 0 0 0 10 25 35 51



1949 0 0 0 0 0 0 0 0 5 23 59 90 114



1950 0 0 0 0 11 59 89 111 139 176 226 252 269



1951 0 0 0 52 75 104 134 161 180 201 216 230 235



1952 0 0 0 27 62 101 132 152 167 178 186 193 204



1953 0 0 0 0 0 0 6 33 64 81 101 114 126



1954 0 0 67 83 114 145 190 208 227 257 272 290 303



1955 0 0 54 115 166 208 227 239 250 264 271 278 292



1956 0 0 11 42 101 139 177 199 214 248 258 268 273
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1957 0 0 14 23 53 80 99 117 127 138 143 150 152



1958 0 0 0 0 4 31 63 83 122 149 161 177 192



1959 0 0 0 0 0 11 19 26 51 62 92 114 130



1960 0 0 0 0 0 7 33 64 105 178 215 230 244



1961 0 0 0 0 15 47 67 77 87 101 110 123 129



1962 0 0 0 4 12 32 81 133 156 171 187 206 220



1963 0 0 0 0 3 40 106 136 153 163 173 178 188



1964 0 0 0 0 0 0 0 0 1 5 11 17 31



1965 0 0 0 0 0 0 0 4 44 75 104 125 142



1966 0 0 0 0 0 0 0 7 52 74 93 111 136



1967 0 0 0 0 0 0 0 0 13 76 122 154 178



1968 0 0 0 5 38 67 83 122 176 230 263 273 288



1969 0 0 0 0 0 0 5 25 134 169 186 204 217



1970 0 0 0 0 0 0 10 38 91 117 137 168 190



1971 0 0 0 0 0 0 0 6 42 61 84 92 104



1972 0 0 0 0 0 0 54 72 113 163 179 188 194



1973 0 0 0 0 0 0 0 27 42 65 83 99 112



1974 0 0 0 0 0 0 0 60 120 128 142 162 173



1975 0 0 0 0 0 0 0 0 0 5 18 31 39



1976 0 0 0 0 0 0 0 0 20 69 84 98 107



1977 0 0 0 0 0 0 45 84 138 165 171 182 189



1978 0 0 0 0 0 40 86 105 140 160 177 190 207



1979 0 0 0 0 0 0 0 11 92 133 160 168 179



1980 0 0 0 0 0 27 153 162 193 227 241 250 255



1981 0 1 40 65 81 101 175 241 244 257 261 261 264



1982 0 0 0 0 0 0 0 0 10 94 133 153 156



1983 0 0 0 0 0 0 0 5 34 48 105 122 134



1984 0 0 0 0 0 0 0 53 65 89 150 174 182



1985 0 0 0 0 0 6 77 130 142 177 204 224 229



1986 0 10 54 96 123 182 192 208 209 212 215 234 238



1987 3 6 6 14 19 58 92 116 144 167 182 202 223



1988 0 29 35 68 73 81 95 190 261 283 291 303 308



1989 0 0 0 0 0 0 0 3 8 14 18 63 102



1990 0 0 12 52 76 133 148 159 163 181 194 198 210



1991 0 0 0 2 21 23 23 23 29 38 41 80 123



1992 0 0 0 0 4 5 15 18 46 72 138 169 175



1993 0 0 7 26 33 40 82 94 107 132 140 158 189



1994 0 0 0 0 1 1 3 12 13 17 29 29 33



1995 0 0 0 0 26 56 69 76 76 79 89 134 153



Year
Total number of days in indicated year that flow was below given flow value



4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000 16,000
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Appendix II.  Lengths of floodplain streams and lakes connected to main channel of the nontidal Apalachicola River at flows
ranging from 4,000 to 19,000 cubic feet per second
[“Connected” means that approximately level water passageways exist between floodplain water bodies and the river, allowing 2-way fish
access from river to floodplain and floodplain to river.  rm, river mile; RB, right bank (looking downstream) of Apalachicola River; LB, left bank
of Apalachicola River; RBC, right bank of lower Chipola River; LBC, left bank of lower Chipola River; Chip10,000 (and other similar Chip
numbers), notation to describe location of stream in number of feet upstream of mouth of lower Chipola River (which is located at rm 27.9 on
the Apalachicola River); ft3/s, cubic feet per second; ft, feet; inc, including; trib, tributary; conf, confluence; approx, approximately; R, river]



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft



 4,0003 Graves Creek (from mouth at rm 88.8 to 1,960 ft upstream)--RB 1,960



Sutton Lake--rm 78.1--RB 2,520



unnamed cutoff from  rm 50.7 to rm 49.7--RB 2,300



Porter Lake (from mouth at rm 48.2 to 590 ft upstream)--RB 590



Florida R (from mouth at rm 43.2 to to downstream connection of Larkin Slu)--LB 25,010



R Styx (from mouth at rm 35.3 to 1,300 ft upstream)--LB 1,300



Dead R (from mouth  located 1,200 ft upstream of mouth of R Styx  to  approx 3,000 ft upstream)--LB 3,000



unnamed stream at lower end of Battle Bend (from mouth at rm 28.6 to 320 ft upstream)--LB 320



unnamed stream--rm 27.1--RB 1,670



unnamed stream--rm 27.0--RB 1,170



unnamed stream--rm 26.6--RB 1,980



unnamed stream--rm 24.8--RB 1,230



unnamed stream--rm 24.75--RB 1,320



Brushy Creek (from mouth at rm 24.0 to head at rm 25.7)--LB 8,520



unnamed stream connecting Brushy Creek to Kennedy Creek (from mouth approx 6,400 ft upstream of mouth of Brushy Creek
to 2,800 ft upstream)--LB



4,290



unnamed stream--rm 23.5--LB 1,460



Scott Creek--rm 23.3--LB 2,230



Owl Creek--rm 22.1--LB6 9,190



Devon Creek (mouth approx 3,400 ft upstream of mouth of Owl Creek)--LB6 780



unnamed stream--rm 21.8--RB 2,350



unnamed stream--rm 21.55--RB 840



unnamed stream--rm 21.3--RB 1,330



Brickyard Creek (from mouth at rm 20.6 to 1,600 ft upstream) inc 1 trib--LB 6,580



White R (from mouth at Chip49,900 to 5,790 ft upstream)--LBC 5,790



unnamed trib of White R (mouth approx 600 ft upstream of mouth of White R at Chip49,900)--LBC 3,670



Lockey Lake inc unnamed trib--Chip19,500--RBC 4,440



Douglas Slough (from mouth at Chip8,200 to 3,810 ft upstream)--LBC 3,810



4,000 Subtotal 99,650
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 5,000 Sweetwater Creek inc 1 trib--rm 89.3--LB 5,220



Bayou (from mouth on Sutton Lake to US 20)--rm 78.1-RB 4,250



unnamed stream (from mouth at rm 50.7 going north towards Brown Lake to 3,050 ft upstream)--RB 3,050



Outside Lake (from mouth at rm 63.9 to 2,900 ft upstream)--LB 2,900



Swift Slu (from mouth on R Styx to 2,400 ft upstream)--LB 2,400



Moccasin Slough (from mouth on R Styx to 1,100 ft upstream)--LB 1,100



R Styx (from 1,300 ft upstream of mouth at rm 35.3 to approx 18,200 ft upstream)--LB 16,900



unnamed stream inc 1 trib--rm 30.05--RB 5,120



Kennedy Creek (from mouth at rm 26.0 to 26,670 ft upstream)--LB 26,670



unnamed trib of Kennedy Creek (from mouth 800 ft upstream of mouth of Kennedy Creek to 2,900 ft upstream) inc 1 trib--LB 3,680



unnamed trib of Kennedy Creek (from mouth 15,800 ft upstream of mouth of Kennedy Creek to 600 ft upstream)--LB 600



3 unnamed tribs of Lockey Lake (mouths 1,600,  2,400,  and 2,410 ft upstream of mouth of Lockey Lake)--RBC7 7,170



Douglas Slough (from 3,810 ft upstream of mouth at Chip8,200 to head at Chip12,700)--LBC7 2,300



unnamed stream--Chip3,400--RBC 2,740



unnamed stream--Chip1,500--RBC 1,500



 5,000 Subtotal 85,600



 6,000 unnamed stream--rm 101.1--LB       160



Flat Creek inc 2 tribs--rm 99.5--LB 14,140



Equaloxic Creek (from mouth at rm 51.9 to 6,000 ft upstream)--LB    6,000



Iola Lake--rm 45.2--RB    1,100



old channel loop of Florida R (connected at approx 2,600 and 3,500 ft upstream of mouth of Florida R)--LB       5,000



Swift Slough (from 2,000 ft upstream of mouth on R Styx to head at rm 40.3)--LB 11,870



2 unnamed streams inc connection to Douglas Slu--rm 30.3 and rm 30.08--RB 7,550



unnamed stream--rm 26.25--RB 890



unnamed trib of Kennedy Creek (mouth approx 9,000 ft upstream of mouth of Kennedy Creek)--LB 3,630



unnamed trib of Kennedy Creek (from 600 ft upstream of mouth 15,800 ft upstream of mouth of Kennedy Creek to 760 ft
upstream)--LB



160



unnamed trib (mouth 2,400 ft upstream of mouth of unnamed trib 800 ft upstream of mouth of Kennedy Creek)--LB 1,410



Kennedy Slough (from mouth 1,800 ft upstream of mouth of Kennedy Creek to 7,550 ft upstream) inc 2 tribs--LB 9,790



Shepard Slough (from mouth on Kennedy Creek to approx 3,500 ft upstream) inc 1 trib--LB 9,420



unnamed stream connecting Brushy Creek to Kennedy Creek (from approx 2,800 ft upstream of mouth on Brushy Creek to
head at Kennedy Creek)--LB



2,970



unnamed stream--rm 22.05--RB 360



unnamed stream--Chip64,500--LBC 4,650



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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6,000 Gum Drift Slough (from head at Chip52,500 to 6,090 ft downstream)--RB 6,090



unnamed stream (from mouth at Chip42,800 to 2,860 ft upstream)  inc alternate head at Chip45,700--LBC7 3,300



unnamed stream--Chip40,800--LBC 1,210



unnamed stream--Chip18,600--RBC 1,650



2 unnamed tribs of Douglas Slough and connecting stream (mouths at 100 and 500 ft upstream of mouth of Douglas Slough at
Chip8,200)--LBC



2,950



Spiders Cut--Chip2,400--RBC 4,600



 6,000 Subtotal 98,900



 7,000 Equaloxic Creek (from approx 6,000 ft upstream of mouth at rm 51.9 to 12,010 ft)--LB    6,010



unnamed stream (from mouth at rm 50.7 to south end of Brown Lake)--RB    3,000



Kentucky Lake--rm 43.8--RB    1,830



Larkin Slu (from mouth on Florida R approx 22,400 ft upstream of mouth of Florida R to Gregory Mill Creek)--LB       5,980



2 unnamed tribs of R Styx (from their mouths 5,600 and 7,000 ft upstream of mouth of R Styx to approx 100 ft upstream)--LB 200



unnamed stream--rm 26.15--RB 1,050



2 unnamed tribs of Kennedy Creek (mouths at 1,350 and 1,450 ft upstream of mouth of Kennedy Creek)--LB 1,600



unnamed trib of Kennedy Creek (mouth 22,900 ft upstream of mouth of Kennedy Creek)--LB 3,340



unnamed trib of Kennedy Creek (from 2,900 ft upstream of mouth on Kennedy Creek at approx 800 ft upstream of mouth of
Kennedy Creek to 3,560 ft upstream) inc 1 trib--LB



1,460



unnamed trib of Kennedy Slough (from 1,000 ft upstream of mouth at 3,000 ft upstream of mouth of Kennedy Slough to 1,500
ft upstream)--LB



500



Shepard Slough (from approx 3,500 ft upstream of mouth on Kennedy Creek to 7,000 ft upstream)--LB 3,480



unnamed stream--rm 23.35--RB 750



Maddox Slough (from mouth at Chip53,600  following westward course to floodplain edge 1,750 ft upstream)--RBC 1,750



White R (from approx 5,800 ft upstream of mouth at Chip49,900 to 10,800 ft upstream)--LBC 4,980



unnamed stream connecting trib of White R (mouth 600 ft upstream of mouth of White R) to Corley Slough inc Corley Slough
to conf with Virginia Cut--LBC7



4,470



unnamed stream inc 2 tribs--Chip46,100--LBC7 5,130



Virginia Cut (from mouth at Chip37,300 to 12,790 ft upstream)--LBC 12,790



Burgess Creek (from mouth at Chip35,900 to 8,050 ft upstream) inc 3 tribs--RBC7 12,590



2 unnamed tribs of unnnamed stream (mouths 200 and 600 ft upstream of mouth of unnamed stream at Chip3,400)--RBC 1,710



 7,000 Subtotal 72,620



 8,000 Mosquito Creek inc 1 trib--rm 105.1--LB    8,580



unnamed stream--rm 95.5--LB6    5,110



Johnson Creek (from mouth at rm 93.9 to 1,810 ft upstream)--RB    1,810



Old R (from rm 77.0 to north end of Baker Branch), Baker Branch, Sutton Creek, and Hicks Creek--RB    33,880



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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 8,000 Dead R (at Poloway Point)--rm 71.4--LB  6,600



Iamonia Lake (from mouth at rm 55.8 to 26,180 ft upstream) inc McDougal Lake, Rudy Slough, and Lots Mill Creek --RB 33,780



Equaloxic Creek inc 2 tribs (from 12,010 ft upstream of mouth at rm 51.9 to Big Gully Creek)--LB  12,010



Porter Lake (from 590 ft upstream of mouth at rm 48.2 to north end)--RB    1,060



Florida R (from downstream connection of Larkin Slu to 26,000 ft upstream of mouth at rm 43.2) inc lower end of Dog Slough
(from mouth on Florida R to 890 ft upstream)--LB



  5,890



R  Styx (from approx 18,200 ft upstream of mouth at rm 35.3 to 20,200 ft upstream)--LB 2,000



unnamed stream--rm 26.3--RB 690



Shepard Slough (from approx 7,000 ft upstream of mouth on Kennedy Creek to 11,000 ft upstream) inc 1 trib--LB 8,580



unnamed stream inc trib--Chip70,000--RBC 1,360



Magnolia Slough--Chip56,100--LBC 1,320



unnamed stream--Chip45,000--LBC7 90



Roberts Slough (from mouth at Chip40,900 to 1,830 ft upstream)--RBC7 1,830



Burgess Creek (from 8,050 ft upstream of mouth at Chip35,900 to conf with Roberts Slough)--RBC7 2,730



Piney Reach Slough--Chip22,500--LBC 4,800



unnamed stream--Chip10,400--RBC 2,630



unnamed stream--Chip7,900--RBC 720



 8,000 Subtotal 134,470



 9,000 Rock Creek--rm 95.2--LB6    1,090



unnamed stream inc 2 tribs--rm 88.5--LB    2,760



Outside Lake (from 2,900 ft upstream of mouth at rm 63.9  to 9,000 ft)--LB    6,100



Bee Tree Slough (from mouth at rm 61.1 to 1,320 ft upstream)--RB    1,320



Mary Slough (from mouth on Iamonia Lake to 1,210 ft upstream)--RB    1,210



Middle Slough (from mouth on Iamonia Lake to 1,900 ft upstream)--RB    1,900



unnamed stream--rm 51.6--LB    2,400



Brown Lake--RB       790



Moccasin Slough (from 1,100 ft upstream of mouth on R Styx to head at rm 38.8)--LB 11,880



unnamed trib of Dead R (mouth approx 3,200 ft upstream of mouth of Dead R on R Styx)--LB 960



unnamed stream at downstream end of Battle Bend (from 320 upstream of mouth at rm 28.6 to approx 4,430 ft upstream)--LB 4,430



unnamed trib of Kennedy Creek (mouth approx 18,000 ft upstream of mouth of Kennedy Creek at rm 26.0)--LB 700



Shepard Slough (from approx 11,000 ft upstream of mouth on Kennedy Creek to 14,600 ft upstream) inc 2 tribs--LB 6,860



unnamed stream--rm 24.4--LB 480



unnamed stream--rm 22.1--RB 2,160



unnamed stream--rm 22.0--RB 500



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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9,000 unnamed stream--Chip65,900--LBC 2,170



Gum Drift Slough (from approx 6,100 ft downstream of head at Chip52,500 to conf with Roberts Slough)--RBC7 6,090



Roberts Slough (from 1,830 ft upstream of mouth at Chip40,900 to approx 9,400 ft upstream) inc 2 tribs--RBC7 8,930



unnamed trib of White R (mouth approx 6,500 ft upstream of mouth of White R at Chip49,900)--LBC 2,320



unnamed stream--Chip44,600--LBC7 220



Van Horn Slough--Chip31,200--LBC 1,310



2 unnamed tribs of Piney Reach Slough (mouths 500 and 3,000 ft upstream of mouth of Piney Reach Slough at Chip22,500)--
LBC7



2,510



 9,000 Subtotal 69,090



10,000 Spring Branch inc 2 tribs--rm 100.6--RB    6,620



Ocheesee Creek inc tribs--rm 93.3--RB 15,880



unnamed stream at Caraway Landing inc trib--rm 90.6--RB    3,990



Little Sweetwater Creek--rm 84.4--LB    2,000



Bee Tree Slough (from 1,320 ft from mouth at rm 61.1 to conf with Middle Slough)--RB    1,320



3 unnamed tribs of Swift Slough (mouths 2,000,  6,400,  and  6,600 ft upstream of mouth of Swift Slough on R Styx)--LB 4,400



Hog Slough (from head at rm 40.0 to mouth on Swift Slough)--LB 8,060



unnamed stream--rm 30.12--RB 1,740



Shepard Slough (from approx 14,600 ft upstream of mouth on Kennedy Creek to approx 18,100 ft upstream)--LB 3,480



unnamed stream--rm 25.9--RB 210



Maddox Slough (from approx 1,300 downstream of head at Chip53,600 to conf with Tom Smith Branch)--RBC7 6,740



2 unnamed tribs of White R (mouths 1,200 and 1,900 ft upstream of mouth of White R at Chip49,900)--LBC7 1,460



Tom Smith Branch (from conf with Roberts Slough to floodplain edge)--RBC7 8,010



unnamed stream--Chip39,800--LBC7 1,230



Virginia Cut (from 12,790 ft upstream of mouth at Chip37,300 to head approx 24,390 ft upstream) inc 1 trib--LBC7 13,190



unnamed stream--Chip37,250--LBC7 1,470



unnamed stream--Chip26,800--LBC 1,250



unnamed stream--Chip26,700--LBC7 1,560



10,000 Subtotal 82,610



11,000 Blue Spring run and spring (before restoration)--rm 98.0--RB6    1,880



Johnson Creek (from 1,810 ft upstream of mouth at rm 93.9 to 2,530 ft)--RB      720



Beaverdam Creek--rm 84.5--LB    7,960



Bayou (from US Highway 20 to 18,790 ft upstream of mouth on Sutton Lake) inc Stafford Creek--RB    20,370



unnamed trib of Dead R (mouth approx. 3,400 ft from mouth of Dead R at rm 71.4)--LB       1,870



Outside Lake (from approx 9,000 ft upstream of mouth at rm 63.9 to 17,700 ft upstream) inc Johnson Mill Creek--LB   11,010



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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11,000 unnamed slu to Muscogee Lake (from mouth at rm 60.2 to 1,940 ft upstream)--LB    1,940



Middle Slough (from 1,900 ft upstream of mouth on Iamonia Lake to Bee Tree Slu)--RB       7,090



unnamed slu to Miller Lake--rm 57.9--LB    3,080



Mary Slough (from 1,210 ft upstream of mouth on Iamonia Lake to 2,420 ft)--rm 55.8--RB    1,210



unnamed slu to Queen City Lake--rm 51.4--RB    1,160



unnamed stream--rm 48.4--LB    1,450



unnamed trib of Porter Lake--rm 48.2--RB    1,850



unnamed trib of Florida R (mouth approx 100 ft upstream of mouth of Florida R at rm 43.2)--LB       2,690



unnamed trib of Florida R (mouth approx 12,400 ft upstream of mouth of Florida R at rm 43.2)--LB  1,200



unnamed trib of Florida R (mouth approx 16,400 ft upstream of mouth of Florida R at rm 43.2)--LB 5,540



unnamed trib of Florida R (mouth approx 16,600 ft upstream of mouth of Florida R at rm 43.2)--LB 860



unnamed trib of  loop of Florida R (mouth approx 2,400 ft from upstream end of loop at 3,500 ft upstream of mouth of Florida
R at rm 43.2)--LB



4,050



Everett Slough (from head on Larkin Slu 2,800 ft upstream of mouth of Larkin Slu on Florida R to 6,910 ft downstream)--LB 6,910



Grayson Slough (from mouth on Swift Slough to 2,300 ft upstream)--LB 2,300



R Styx (from approx 20,200 ft upstream of mouth at rm 35.3 to 22,500 ft upstream)--LB 2,300



unnamed trib of Dead R (mouth approx 3,600 ft upstream of mouth of Dead R on R Styx)--LB 860



unnamed stream--rm 30.65--RB 790



Shepard Slough (from approx 18,100 ft upstream of mouth on Kennedy Creek to approx 21,520 ft upstream)--LB 3,420



2 unnamed tribs of White R (mouths 200 and 1,300 ft upsteam of mouth of White R at Chip49,900)--LBC7 2,070



unnamed stream--Chip33,000--RBC7 1,380



11,000 Subtotal 95,960



12,000 unnamed trib of Blue Spring run--RB6       290



trib of unnamed stream at rm 88.5 -- LB       310



Kelley Branch (from mouth at rm 81.4 to 350 ft upstream)--LB       350



unnamed stream--rm 69.6--RB    1,840



Outside Lake (from approx 17,700 ft upstream of mouth to north end) inc 5 tribs and Landy Lake)--rm 63.9--LB 29,880



unnamed trib of McDougal Lake--rm 55.8--RB    1,340



Honey Pond and slu connecting to Iamonia Lake--rm 55.8--RB    3,890



unnamed stream--rm 55.0--RB    6,800



unnamed stream--rm 54.2--LB    2,350



2 unnamed tribs of cutoff at rm 50.7--RB    4,060



Finns Slough--LB    7,540



Florida R (from approx 26,000 ft upstream of mouth at rm 43.2 to 39,800 ft upstream) inc Bill’s Arm and 2 tribs--LB     25,060



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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12,000 Everett Slough (from mouth on Swift Slough to 4,430 ft upstream)--LB 4,430



unnamed stream--rm 39.9--LB 1,070



unnamed stream--rm 27.2--RB 1,450



Shepard Slough (from approx 21,520 ft upstream of mouth on Kennedy Creek to 25,050 ft upstream) inc 1 trib--LB 7,410



unnamed stream inc 1 trib--rm 22.8--RB 3,830



unnamed stream--Chip48,200--LBC7 1,100



unnamed stream--Chip46,400--LBC7 2,620



unnamed stream inc alternate mouth at Chip34,600--Chip35,200--RBC7 3,770



unnamed trib of unnamed trib of Douglas Slough (mouth 800 ft upstream of mouth of unnamed trib with mouth 1,400 ft
upstream of mouth of Douglas Slough at Chip8,200)--LBC 890



12,000 Subtotal 110,280



13,000 unnamed trib of Dead R (located approx 4,700 ft from mouth of Dead R at rm 71.4)--LB        4,890



Woods Slu (from conf with Bee Tree Slu to approx 4,790 ft upstream)--RB    4,790



unnamed stream--rm 60.9--RB    1,490



Mary Slough (first 1,210 ft from rm 58.7 going towards Iamonia Lake)--RB    1,210



unnamed trib of Rudy Slough--RB    1,170



unnamed stream--rm 53.3--RB    3,680



Dog Slough (from approx 890 ft upstream of mouth on Florida R to south end of Greenback Lake)--LB        7,760



unnamed stream--rm 49.9--LB       1,000



unnamed stream--rm 47.3--LB    1,850



R Styx (from approx 22,500 ft upstream of mouth at rm 35.3 to 25,900 ft upstream)--LB 3,400



unnamed trib of R Styx (from 3,480 ft downstream of head located 9,300 ft upstream of mouth of R Styx to conf with Shepard
Slough 700 ft downstream)--LB 700



unnamed stream--rm 35.1--LB 2,490



unnamed stream--rm 30.7--LB 2,010



unnamed stream--rm 27.7--LB 700



Shepard Slough (from approx 25,050 ft upstream of mouth on Kennedy Creek to conf with 2 tribs of R Styx 27,830 ft
upstream) inc 2 tribs--LB 9,270



unnamed stream--rm 22.15--RB 500



unnamed stream--Chip75,800--RBC 380



unnamed stream--Chip30,400--RBC 1,240



unnamed stream--Chip32,900--LBC 1,100



unnamed stream--Chip5,800--RBC 770



unnamed stream--Chip5,000--RBC 1,600



13,000 Subtotal 52,000



Flow at
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gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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14,000 Johnson Creek (from 2,530 ft upstream of mouth at rm 93.9 to 3,240 ft)--RB       710



unnamed stream--rm 62.0--LB       510



unnamed tribs of McDougal Lake and Iamonia Lake--RB    6,560



Muscogee Lake--LB       590



Miller Lake--LB       660



unnamed stream--rm 56.2--LB       440



unnamed trib of Honey Pond--RB    2,020



unnamed stream--rm 55.6--LB    1,150



unnamed stream--rm 55.4--RB       640



unnamed stream--rm 53.4--RB    1,970



Queen City Lake and smaller pond--LB       440



unnamed stream-rm 47.1--LB    1,240



Florida R (from approx 39,800 ft upstream of mouth at rm 43.2 to Equaloxic Creek) inc part of Larkin Slu (from approx 6,200
ft upstream of downstream mouth on Florida R to reconnection with Florida R), Gregory Mill Creek, and 4 tribs--rm 43.2--LB



   24,380



unnamed trib of Larkin Slu (mouth approx 1,700 ft upstream of mouth of Larkin Slu on Florida R)--LB 960



Grayson Slough (from 2,300 ft upstream of mouth on Swift Slough to approx 5,100 ft upstream) inc Greenback Lake and part
of Silver Lake--LB



2,800



unnamed stream connecting Grayson and Everett Sloughs--LB 3,300



Everett Slough (from 4,420 ft upstream of mouth on Swift Slough to 11,060 ft upstream)--LB 6,640



unnamed stream (from head 3,800 ft upstream of mouth of  R Styx to 2,270 ft downstream)--LB 2,270



2  unnamed tribs of R Styx (from 100 ft upstream of their  mouths at 5,600 and 7,000 ft upstream of mouth of R Styx to ends)-
-LB



1,200



unnamed stream (from head 9,300 ft upstream of mouth of R Styx to 3,480 ft downstream)--LB 3,480



unnamed stream inc 1 trib--rm 34.75--LB 4,100



unnamed stream connected by 2 mouths--rm 33.7 and rm 33.62--LB 3,110



unnamed stream--rm 32.15--LB 1,810



Kennedy Slough  (from mouth 1,400 ft upstream of mouth of Kennedy Creek to 470 ft upstream)--LB 470



unnamed stream--rm 25.4--RB 1,060



2 unnamed tribs of Virginia Cut (mouths 11,800 and 14,300 ft upstream of mouth of Virginia Cut at Chip37,300)--LBC7 11,480



unnamed stream--Chip34,400--RBC 720



unnamed stream--Chip6,700--RBC 890



unnamed trib of Spider Cut (mouth approx 800 ft downstream of mouth of Spider Cut at Chip2,400)--RBC 1,570



14,000 Subtotal 87,170



Flow at
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ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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15,000 unnamed stream (from mouth at rm103.6 to 890 ft upstream) --LB       890



unnamed stream--rm 98.9--LB6       470



unnamed stream--rm 90.3--LB       250



Old R (from north end of Baker Branch to rm 72.9)--RB    8,520



James Slough and Dirt Bridge Slu--RB  15,110



unnamed stream--rm 62.8--RB    4,860



Dog Slough (from rm 50.15 to south end of split channel) --LB    8,450



unnamed stream--rm 49.2--RB    2,190



Greenback Lake on Dog Slough--LB    2,790



unnamed trib of Hog Slough (mouth approx 900 ft upstream of mouth of Hog Slough on Swift Slough)--LB 1,400



unnamed trib of Moccasin Slough (mouth approx 1,400 ft upstream of mouth of Moccasin Slough on R Styx)--LB 910



Dead R (from approx 3,400 ft upstream of mouth on R Styx to end on Swift Slough)--LB 5,910



unnamed stream (from head 3,800 ft upstream of mouth of R Styx to 2,270 ft downstream)--LB 2,270



unnamed trib of R Styx (mouth 4,200 ft upstream of mouth of R Styx)--LB 410



unnamed stream (from head 9,300 ft upstream of mouth of R Styx to 3,480 ft downstream)--LB 3,480



unnamed trib of R Styx (mouth 23,400 ft upstream of mouth of R Styx)--LB 70



unnamed stream--rm 39.3--RB 1,430



unnamed stream--rm 31.2--RB 1,920



unnamed stream--rm 26.4--RB 1,210



15,000 Subtotal 62,540



16,000 unnamed stream--rm 64.9--LB    1,210



unnamed stream--rm 59.9--LB       880



unnamed stream--rm 59.5--RB    1,520



unnamed stream--rm 57.5--RB    4,690



unnamed stream--rm 53.6--LB       910



unnamed stream--rm 52.8--LB    1,420



unnamed stream--rm 51.2--RB       770



unnamed stream--rm 47.31--RB    1,210



2 unnamed tribs of Outside Lake (at approx 14,200 and 17,300 ft upstream of mouth at rm 43.2)--LB      3,380



unnamed stream--rm 41.9--RB    2,830



unnamed trib of Florida R (mouth approx 22,100 ft upstream of mouth of Florida R at rm 43.2)--LB 6,630



unnamed trib of Larking Slu (mouth 400 ft upstream of mouth of Larkin Slu on Florida R)--LB 600



Everett Slough (from approx 10,840 ft upstream of mouth on Swift Slough to 13,980 ft)--LB 3,140



Flow at
Chatta-



hoochee
gage1, in



ft3/s



Streams and lakes connected at or above and isolated below given flow value2



Name (description of connected reach) and location4 Length5,
in ft
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16,000 Grayson Slough (from approx 5,100 ft upstream of mouth on Swift Creek to 9,110 ft upstream)--LB 4,010



unnamed stream connecting Grayson Slough to Everett Slough--LB 5,990



unnamed trib of R Styx (mouth approx 4,600 ft upstream of mouth of R Styx at rm 35.3)--LB 740



unnamed trib of Dead R (mouth approx 3,500 ft upstream of mouth of Dead R on R Styx)--LB 350



unnamed stream--rm 41.1--RB 1,020



unnamed stream--rm 41.08--RB 1,670



unnamed stream--rm 31.8--RB 1,400



unnamed stream--rm 22.3--RB 1,550



unnamed stream--Chip67,200--LBC 1,350



unnamed trib of White R (mouth 8,000 ft upstream of mouth of White R at Chip49,900)--LBC 1,060



16,000 Subtotal 48,330



17,000 Kelley Branch (from approx 350 ft upstream of mouth at rm 81.4 to 1,020 ft)--LB       670



unnamed stream--rm 73.2--LB       870



Gin House Lake--rm 71.0--RBL    1,190



unnamed streams at rm 66.3 and rm 66.25--RB    2,900



unnamed stream--rm 62.6--RB    3,720



unnamed slu to Muscogee Lake  (from approx 1,940 ft upstream of mouth at rm 60.2 to Acorn Lake)--LB    1,940



unnamed stream--rm 31.1--LB 1,190



unnamed stream--Chip72,000--LBC 1,060



unnamed stream--Chip68,600--LBC 770



unnamed stream--Chip27,700--RBC 850



17,000 Subtotal 15,160



18,000 unnamed stream (from 890 ft upstream of mouth at rm 103.6 to 1,770 ft)--LB       880



Johnson Creek (from 3,240 ft upstream of mouth at rm 93.9 to floodplain boundary), secondary channel starting 3,200 ft
upstream of mouth, inc 1 trib--RB



15,310



2 tribs of Bayou (from their mouths on Bayou to 1,410 and 1,150 ft upstream)--rm 79.1--RB     2560



3 unnamed tribs of Middle Slu--RB    8,750



unnamed stream--rm 54.3--LB    1,270



unnamed stream--rm52.7--LB    3,120



unnamed stream--rm 52.1--RB    2,310



Acorn Lake (connected to Florida R approx 23,000 ft upstream of mouth)--LB       830



Alligator Creek (mouth approx 4,800 ft upstream of mouth of Everett Slough on Swift Creek)--LB 10,490



R Styx (from approx 25,900 ft upstream of mouth at rm 35.3 to 32,900 ft upstream)--LB 7,000



unnamed stream--rm 41.4--RB 900



Flow at
Chatta-



hoochee
gage1, in



ft3/s
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in ft
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1 Flows at which streams are connected were determined from lagged Chattahoocheee flows at the time of field observations.



2 The accuracy of these estimates is greatest for the intensive study sites (Flat Creek, Johnson Creek, Iamonia Lake system, River Styx system) because
those areas were visited many times under a variety of hydrologic conditions. Estimates on most other streams were based on one-time field observations,
and those estimates should be used as an approximate guide.



3 Most of the streams and lakes listed for 4,000 ft3/s  have deep connections to the main river channel and have not been isolated at any time from 1922
to 1995.



4 Order of streams and lakes is from most upstream location to most downstream in river floodplain. Location within river reach is indicated by colors:
beige, upper river; light green, middle river; dark green, lower river. Additional description of location is given for features not named on USGS 7.5 minute
quadrangle maps and named features when  necessary.



5 Actual stream lengths may be longer than shown. In most cases, they are derived from lengths that appear on USGS quadrangle maps or infrared
aerial photography, whichever is longer.



6 These streams on the Apalachicola River were not measured to determine the depth of the connection. An estimate of connection depth was made
based on the size of the stream, stream velocity, connecting streams, characteristics of drainage basin on aerial photos and maps, and other relevant field
observations.



7 These streams on the lower Chipola were observed to be connected to the main channel when flow at Chattahoochee was approximately 14,500 ft3/s,
but were not measured to determine the depth of that connection. In each case, an estimate of connection depth was made based on field observations of
stream size and velocity and characteristics of connecting streams and drainage basin on aerial photos and maps. In some cases the entry includes a combina-
tion of measured and unmeasured streams.



18,000 unnamed stream--rm 34.1--RB 3,170



unnamed stream at Double Points--rm 31.4--LB 1,250



unnamed stream--rm 28.25--LB 640



unnamed stream--rm 27.3--RB 1,240



unnamed stream--Chip4,800--RBC 570



18,000 Subtotal 60,290



19,000 unnamed stream--rm 75.2--LB    1,390



Acorn Lake (connected to Muscogee Lake)--LB       320



unnamed stream--rm 52.6--LB       750



Dog Slough (from north end of Greenback Lake to south end of split channel)--LB    6,370



unnamed stream--rm 44.7--LB    9,100



Elsie Lake, unnamed lake, and connected tribs of Florida R--LB 19,390



Everett Slough (from 6,910 ft downstream of head on Larkin Slu to 10,360 ft downstream)--LB 3,450



unnamed trib of R Styx (mouth 25,700 ft upstream of mouth of R Styx at rm 35.3)--LB 310



unnamed trib of Moccasin Slough (mouth 3,100 ft upstream of mouth of Moccasin Slough on R Styx)--LB 220



19,000 Subtotal 41,300



TOTAL 318 entries (a single entry represents a single stream, one of a number of partial reaches of a long stream,
 or multiple streams and lakes)



230 miles



Flow at
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Name (description of connected reach) and location4 Length5,
in ft
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Appendix III.-- Average flows preceding and during 16 navigation windows in the Apalachicola River, 1990-95
[Data shown in green for the period October 23-November 24, 1990, is used as an example in the text and table 10. Dates and flows for all
periods were determined from daily mean flows at the Chattahoochee gage. ft3/s, cubic feet per second; na; not applicable because transition
period was too short to be reflected in daily mean flows; nd, not determined]



1 Total period is pre-window, transition, and window periods combined.
2 Average flows for all periods were determined by multiplying the average flow for each period by the number of days in the period, adding



the products together for all periods, and dividing the sum by the total number of days for all periods.



Pre-window
(water storage period)



Transition
(period of increasing flow)



Corresponding window
(water release period) Average



flow
for total
period1,
in ft3/sDates Number



of days
Average



flow,
in ft3/s



Dates Number
of days



Average
flow,



in ft3/s
Dates Number



of days
Average



flow,
in ft3/s



Sept 25-Oct 13, 1990 19 6,930 Oct 14, 1990 1 9,450 Oct 15-20, 1990  6 12,300  8,270



Oct 23-Nov 10, 1990  19 5,900 Nov 11, 1990 1 8,110 Nov 12-24, 1990  13 12,900  8,720



Nov 26-Dec 11, 1990  15 6,690 Dec 12, 1990 1 10,200 Dec 13-24, 1990  12 13,400  9,680



Dec 27, 1990-Jan 8, 1991  13 7,370 Jan 9-10, 1991 2  10,800 Jan 11-22, 1991  12 16,300 11,600



Oct 28-Nov 18, 1991  22 7,620 na 0 0 Nov 19-29, 1991 11 13,500  9,570



May 10-24, 1992  15 9,520 May 25, 1992 1 12,600 May 26-June 6, 1992  12 13,500  11,300



June 15-July 1, 1993 17 9,440 July 2-3, 1993 2 11,600 July 4-14, 1993  11 15,400 11,800



July 16-Aug 6, 1993  22 9,490 Aug 7, 1993 2 11,500 Aug 8-21, 1993  14 14,000  11,300



Aug 26-Sep 6, 1993  12 6,560 Sep 7, 1993 2  7,450 Sep 8-22, 1993  15 12,200  9,630



Sep 25-Oct 10, 1993  16 6,670 Oct 11-12, 1993 2 10,900 Oct 13-24, 1993  12 12,100  9,110



Nov 17-26, 1993  10 9,040 Nov 27, 1993 1 11,700 Nov 28-Dec 9, 1993  12 14,900 12,200



May 23-31, 1994  9 9,970 na 0 0 June 1-12, 1994  12 17,500  14,300



May 24-29, 1995  6 9,970 na 0 0 May 30-June 15, 1995  17 19,200  16,800



June 20-July 4, 1995  15 8,590 July 5, 1995 1 13,600 July 6-17, 1995  12 15,600  11,800



July 20-Aug 5, 1995  17 8,620 Aug 6, 1995 1  9,950 Aug 7-22, 1995  16 14,400  11,400



Aug 25-Sep 8, 1995  15 7,790 Sep 9, 1995 1  10,100 Sep 10-20, 1995  11 14,100  10,400



AVERAGES FOR ALL PERIODS2



15 8,000 1 nd 12 14,600  11,000
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Humans have long been fasci-
nated by the dynamism of
free-flowing waters. Yet we



have expended great effort to tame
rivers for transportation, water sup-
ply, flood control, agriculture, and
power generation. It is now recog-
nized that harnessing of streams and
rivers comes at great cost: Many
rivers no longer support socially val-
ued native species or sustain healthy
ecosystems that provide important
goods and services (Naiman et al.
1995, NRC 1992).



The extensive ecological degrada-
tion and loss of biological diversity
resulting from river exploitation is
eliciting widespread concern for con-
servation and restoration of healthy
river ecosystems among scientists and
the lay public alike (Allan and Flecker
1993, Hughes and Noss 1992, Karr
et al. 1985, TNC 1996, Williams et
al. 1996). Extirpation of species, clo-
sures of fisheries, groundwater deple-
tion, declines in water quality and
availability, and more frequent and
intense flooding are increasingly rec-
ognized as consequences of current
river management and development
policies (Abramovitz 1996, Collier
et al. 1996, Naiman et al. 1995). The
broad social support in the United
States for the Endangered Species
Act, the recognition of the intrinsic
value of noncommercial native spe-
cies, and the proliferation of water-
shed councils and riverwatch teams
are evidence of society’s interest in
maintaining the ecological integrity
and self-sustaining productivity of
free-flowing river systems.



Society’s ability to maintain and
restore the integrity of river ecosys-
tems requires that conservation and
management actions be firmly
grounded in scientific understand-



ing. However, current management
approaches often fail to recognize
the fundamental scientific principle
that the integrity of flowing water
systems depends largely on their natu-
ral dynamic character; as a result,
these methods frequently prevent suc-
cessful river conservation or restora-
tion. Streamflow quantity and tim-
ing are critical components of water
supply, water quality, and the eco-
logical integrity of river systems. In-
deed, streamflow, which is strongly
correlated with many critical physi-
cochemical characteristics of rivers,
such as water temperature, channel
geomorphology, and habitat diver-
sity, can be considered a “master
variable” that limits the distribution
and abundance of riverine species
(Power et al. 1995, Resh et al. 1988)
and regulates the ecological integrity
of flowing water systems (Figure 1).
Until recently, however, the impor-
tance of natural streamflow variabil-
ity in maintaining healthy aquatic
ecosystems has been virtually ignored
in a management context.



Historically, the “protection” of
river ecosystems has been limited in
scope, emphasizing water quality and
only one aspect of water quantity:
minimum flow. Water resources
management has also suffered from
the often incongruent perspectives
and fragmented responsibility of
agencies (for example, the US Army
Corps of Engineers and Bureau of
Reclamation are responsible for wa-
ter supply and flood control, the US
Environmental Protection Agency
and state environmental agencies for
water quality, and the US Fish &
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Wildlife Service for water-dependent
species of sporting, commercial, or
conservation value), making it diffi-
cult, if not impossible, to manage the
entire river ecosystem (Karr 1991).
However, environmental dynamism
is now recognized as central to sus-
taining and conserving native spe-
cies diversity and ecological integ-
rity in rivers and other ecosystems
(Holling and Meffe 1996, Hughes
1994, Pickett et al. 1992, Stanford et
al. 1996), and coordinated actions
are therefore necessary to protect
and restore a river’s natural flow
variability.



In this article, we synthesize exist-
ing scientific knowledge to argue that
the natural flow regime plays a critical
role in sustaining native biodiversity
and ecosystem integrity in rivers.
Decades of observation of the effects
of human alteration of natural flow
regimes have resulted in a well-
grounded scientific perspective on
why altering hydrologic variability
in rivers is ecologically harmful (e.g.,
Arthington et al. 1991, Castleberry
et al. 1996, Hill et al. 1991, Johnson
et al. 1976, Richter et al. 1997, Sparks
1995, Stanford et al. 1996, Toth 1995,
Tyus 1990). Current pressing demands
on water use and the continuing alter-
ation of watersheds require scientists
to help develop management proto-
cols that can accommodate economic
uses while protecting ecosystem func-
tions. For humans to continue to rely
on river ecosystems for sustainable
food production, power production,
waste assimilation, and flood con-
trol, a new, holistic, ecological per-



spective on water management is
needed to guide society’s interac-
tions with rivers.



The natural flow regime
The natural flow of a river varies on
time scales of hours, days, seasons,
years, and longer. Many years of
observation from a streamflow gauge
are generally needed to describe the
characteristic pattern of a river’s flow
quantity, timing, and variability—
that is, its natural flow regime. Com-
ponents of a natural flow regime can
be characterized using various time
series (e.g., Fourier and wavelet) and
probability analyses of, for example,
extremely high or low flows, or of
the entire range of flows expressed
as average daily discharge (Dunne
and Leopold 1978). In watersheds
lacking long-term streamflow data,
analyses can be extended statisti-
cally from gauged streams in the
same geographic area. The frequency
of large-magnitude floods can be es-
timated by paleohydrologic studies
of debris left by floods and by studies
of historical damage to living trees
(Hupp and Osterkamp 1985, Knox
1972). These historical techniques can
be used to extend existing hydrologic
records or to provide estimates of
flood flows for ungauged sites.



River flow regimes show regional
patterns that are determined largely
by river size and by geographic varia-
tion in climate, geology, topogra-
phy, and vegetative cover. For ex-
ample, some streams in regions with
little seasonality in precipitation ex-



hibit relatively stable hydrographs
due to high groundwater inputs (Fig-
ure 2a), whereas other streams can
fluctuate greatly at virtually any time
of year (Figure 2b). In regions with
seasonal precipitation, some streams
are dominated by snowmelt, result-
ing in pronounced, predictable run-
off patterns (Figure 2c), and others
lack snow accumulation and exhibit
more variable runoff patterns during
the rainy season, with peaks occur-
ring after each substantial storm
event (Figure 2d).



Five critical components of the
flow regime regulate ecological pro-
cesses in river ecosystems: the mag-
nitude, frequency, duration, timing,
and rate of change of hydrologic
conditions (Poff and Ward 1989,
Richter et al. 1996, Walker et al.
1995). These components can be used
to characterize the entire range of
flows and specific hydrologic phe-
nomena, such as floods or low flows,
that are critical to the integrity of
river ecosystems. Furthermore, by
defining flow regimes in these terms,
the ecological consequences of par-
ticular human activities that modify
one or more components of the flow
regime can be considered explicitly.



• The magnitude of discharge1 at any
given time interval is simply the
amount of water moving past a fixed
location per unit time. Magnitude
can refer either to absolute or to
relative discharge (e.g., the amount
of water that inundates a floodplain).
Maximum and minimum magnitudes
of flow vary with climate and water-
shed size both within and among
river systems.
• The frequency of occurrence refers
to how often a flow above a given
magnitude recurs over some speci-
fied time interval. Frequency of oc-
currence is inversely related to flow
magnitude. For example, a 100-year
flood is equaled or exceeded on aver-
age once every 100 years (i.e., a
chance of 0.01 of occurring in any
given year). The average (median)



Figure 1. Flow regime
is of central importance
in sustaining the eco-
logical integrity of flow-
ing water systems. The
five components of the
flow regime—magni-
tude, frequency, dura-
tion, timing, and rate
of change—influence
integrity both directly
and indirectly, through
their effects on other
primary regulators of
integrity. Modification
of flow thus has cas-
cading effects on the
ecological integrity of
rivers. After Karr 1991.



1Discharge (also known as streamflow, flow,
or flow rate) is always expressed in dimen-
sions of volume per time. However, a great
variety of units are used to describe flow,
depending on custom and purpose of charac-
terization: Flows can be expressed in near-
instantaneous terms (e.g., ft3/s and m3/s) or
over long time intervals (e.g., acre-ft/yr).
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flow is determined from a data series
of discharges defined over a specific
time interval, and it has a frequency
of occurrence of 0.5 (a 50% prob-
ability).
•The duration is the period of time
associated with a specific flow condi-
tion. Duration can be defined relative
to a particular flow event (e.g., a flood-
plain may be inundated for a specific
number of days by a ten-year flood),
or it can be a defined as a composite
expressed over a specified time period
(e.g., the number of days in a year
when flow exceeds some value).
•The timing, or predictability, of
flows of defined magnitude refers to
the regularity with which they occur.
This regularity can be defined for-
mally or informally and with refer-
ence to different time scales (Poff
1996). For example, annual peak flows
may occur with low seasonal predict-
ability (Figure 2b) or with high sea-
sonal predictability (Figure 2c).
•The rate of change, or flashiness,
refers to how quickly flow changes
from one magnitude to another. At
the extremes, “flashy” streams have
rapid rates of change (Figure 2b),
whereas “stable” streams have slow
rates of change (Figure 2a).



Hydrologic processes and the flow
regime. All river flow derives ulti-
mately from precipitation, but in any
given time and place a river’s flow is
derived from some combination of
surface water, soil water, and ground-
water. Climate, geology, topogra-
phy, soils, and vegetation help to
determine both the supply of water
and the pathways by which precipi-
tation reaches the channel. The wa-
ter movement pathways depicted in
Figure 3a illustrate why rivers in
different settings have different flow
regimes and why flow is variable in
virtually all rivers. Collectively, over-
land and shallow subsurface flow
pathways create hydrograph peaks,
which are the river’s response to
storm events. By contrast, deeper
groundwater pathways are respon-
sible for baseflow, the form of deliv-
ery during periods of little rainfall.



Variability in intensity, timing,
and duration of precipitation (as rain
or as snow) and in the effects of
terrain, soil texture, and plant evapo-
transpiration on the hydrologic cycle
combine to create local and regional



flow patterns. For example, high
flows due to rainstorms may occur
over periods of hours (for permeable
soils) or even minutes (for imperme-
able soils), whereas snow will melt
over a period of days or weeks, which
slowly builds the peak snowmelt
flood. As one proceeds downstream
within a watershed, river flow reflects
the sum of flow generation and rout-
ing processes operating in multiple
small tributary watersheds. The travel
time of flow down the river system,
combined with nonsynchronous tribu-
tary inputs and larger downstream
channel and floodplain storage ca-
pacities, act to attenuate and to
dampen flow peaks. Consequently,
annual hydrographs in large streams
typically show peaks created by wide-
spread storms or snowmelt events
and broad seasonal influences that
affect many tributaries together
(Dunne and Leopold 1978).



The natural flow regime organizes
and defines river ecosystems. In riv-
ers, the physical structure of the en-
vironment and, thus, of the habitat,
is defined largely by physical pro-
cesses, especially the movement of
water and sediment within the chan-
nel and between the channel and flood-
plain. To understand the biodiversity,
production, and sustainability of
river ecosystems, it is necessary to
appreciate the central organizing role
played by a dynamically varying
physical environment.



The physical habitat of a river
includes sediment size and heteroge-
neity, channel and floodplain mor-
phology, and other geomorphic fea-
tures. These features form as the
available sediment, woody debris,
and other transportable materials are
moved and deposited by flow. Thus,
habitat conditions associated with
channels and floodplains vary among



Figure 2. Flow histories based on long-term, daily mean discharge records. These
histories show within- and among-year variation for (a) Augusta Creek, MI, (b)
Satilla River, GA, (c) upper Colorado River, CO, and (d) South Fork of the
McKenzie River, OR. Each water year begins on October 1 and ends on September
30. Adapted from Poff and Ward 1990.
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rivers in accordance with both flow
characteristics and the type and the
availability of transportable materials.



Within a river, different habitat
features are created and maintained
by a wide range of flows. For ex-
ample, many channel and floodplain
features, such as river bars and riffle–
pool sequences, are formed and main-
tained by dominant, or bankfull, dis-
charges. These discharges are flows
that can move significant quantities
of bed or bank sediment and that
occur frequently enough (e.g., every
several years) to continually modify
the channel (Wolman and Miller



1960). In many streams and rivers
with a small range of flood flows,
bankfull flow can build and main-
tain the active floodplain through
stream migration (Leopold et al.
1964). However, the concept of a
dominant discharge may not be ap-
plicable in all flow regimes (Wolman
and Gerson 1978). Furthermore, in
some flow regimes, the flows that
build the channel may differ from
those that build the floodplain. For
example, in rivers with a wide range
of flood flows, floodplains may ex-
hibit major bar deposits, such as
berms of boulders along the channel,



or other features that are left by
infrequent high-magnitude floods
(e.g., Miller 1990).



Over periods of years to decades,
a single river can consistently pro-
vide ephemeral, seasonal, and per-
sistent types of habitat that range
from free-flowing, to standing, to no
water. This predictable diversity of
in-channel and floodplain habitat
types has promoted the evolution of
species that exploit the habitat mo-
saic created and maintained by hy-
drologic variability. For many river-
ine species, completion of the life
cycle requires an array of different
habitat types, whose availability over
time is regulated by the flow regime
(e.g., Greenberg et al. 1996, Reeves
et al. 1996, Sparks 1995). Indeed,
adaptation to this environmental dy-
namism allows aquatic and flood-
plain species to persist in the face of
seemingly harsh conditions, such as
floods and droughts, that regularly
destroy and re-create habitat elements.



From an evolutionary perspective,
the pattern of spatial and temporal
habitat dynamics influences the rela-
tive success of a species in a particu-
lar environmental setting. This habi-
tat template (Southwood 1977),
which is dictated largely by flow
regime, creates both subtle and pro-
found differences in the natural his-
tories of species in different segments
of their ranges. It also influences
species distribution and abundance,
as well as ecosystem function (Poff
and Allan 1995, Schlosser 1990,
Sparks 1992, Stanford et al. 1996).
Human alteration of flow regime
changes the established pattern of
natural hydrologic variation and dis-
turbance, thereby altering habitat
dynamics and creating new condi-
tions to which the native biota may
be poorly adapted.



Human alteration of
flow regimes
Human modification of natural hy-
drologic processes disrupts the dy-
namic equilibrium between the move-
ment of water and the movement of
sediment that exists in free-flowing
rivers (Dunne and Leopold 1978).
This disruption alters both gross-
and fine-scale geomorphic features
that constitute habitat for aquatic
and riparian species (Table 1). After



Figure 3. Stream valley cross-sections at various locations in a watershed illustrate basic
principles about natural pathways of water moving downhill and human influences on
hydrology. Runoff, which occurs when precipitation exceeds losses due to evaporation
and plant transpiration, can be divided into four components (a): overland flow (1) occurs
when precipitation exceeds the infiltration capacity of the soil; shallow subsurface
stormflow (2) represents water that infiltrates the soil but is routed relatively quickly to
the stream channel; saturated overland flow (3) occurs where the water table is close to
the surface, such as adjacent to the stream channel, upstream of first-order tributaries,
and in soils saturated by prior precipitation; and groundwater flow (4) represents
relatively deep and slow pathways of water movement and provides water to the stream
channel even during periods of little or no precipitation. Collectively, overland and
shallow subsurface flow pathways create the peaks in the hydrograph that are a river’s
response to storm events, whereas deeper groundwater pathways are responsible for
baseflow. Urbanized (b) and agricultural (c) land uses increase surface flow by increasing
the extent of impermeable surfaces, reducing vegetation cover, and installing drainage
systems. Relative to the unaltered state, channels often are scoured to greater depth by
unnaturally high flood crests and water tables are lowered, causing baseflow to drop.
Side-channels, wetlands, and episodically flooded lowlands comprise the diverse flood-
plain habitats of unmodified river ecosystems (d). Levees or flood walls (e) constructed
along the banks retain flood waters in the main channel and lead to a loss of floodplain
habitat diversity and function. Dams impede the downstream movement of water and can
greatly modify a river’s flow regime, depending on whether they are operated for storage
(e) or as “run-of-river,” such as for navigation (f).
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such a disruption, it may take centu-
ries for a new dynamic equilibrium
to be attained by channel and flood-
plain adjustments to the new flow
regime (Petts 1985); in some cases, a
new equilibrium is never attained,
and the channel remains in a state of
continuous recovery from the most
recent flood event (Wolman and
Gerson 1978). These channel and
floodplain adjustments are some-
times overlooked because they can
be confounded with long-term re-
sponses of the channel to changing
climates (e.g., Knox 1972). Recogni-
tion of human-caused physical
changes and associated biological
consequences may require many
years, and physical restoration of
the river ecosystem may call for dra-
matic action (see box on the Grand
Canyon flood, page 774).



Dams, which are the most obvi-
ous direct modifiers of river flow,
capture both low and high flows for
flood control, electrical power gen-
eration, irrigation and municipal
water needs, maintenance of recre-
ational reservoir levels, and naviga-



tion. More than 85% of the inland
waterways within the continental
United States are now artificially
controlled (NRC 1992), including
nearly 1 million km of rivers that are
affected by dams (Echeverria et al.
1989). Dams capture all but the fin-
est sediments moving down a river,
with many severe downstream con-
sequences. For example, sediment-
depleted water released from dams
can erode finer sediments from the
receiving channel. The coarsening of
the streambed can, in turn, reduce
habitat availability for the many
aquatic species living in or using
interstitial spaces. In addition, chan-
nels may erode, or downcut, trigger-
ing rejuvenation of tributaries, which
themselves begin eroding and mi-
grating headward (Chien 1985, Petts
1984). Fine sediments that are con-
tributed by tributaries downstream
of a dam may be deposited between
the coarse particles of the streambed
(e.g., Sear 1995). In the absence of
high flushing flows, species with life
stages that are sensitive to sedimen-
tation, such as the eggs and larvae of



many invertebrates and fish, can suf-
fer high mortality rates.



For many rivers, it is land-use
activities, including timber harvest,
livestock grazing, agriculture, and
urbanization, rather than dams, that
are the primary causes of altered
flow regimes. For example, logging
and the associated building of roads
have contributed greatly to degrada-
tion of salmon streams in the Pacific
Northwest, mainly through effects
on runoff and sediment delivery
(NRC 1996). Converting forest or
prairie lands to agricultural lands
generally decreases soil infiltration
and results in increased overland
flow, channel incision, floodplain iso-
lation, and headward erosion of
stream channels (Prestegaard 1988).
Many agricultural areas were drained
by the construction of ditches or tile-
and-drain systems, with the result
that many channels have become en-
trenched (Brookes 1988).



These land-use practices, com-
bined with extensive draining of
wetlands or overgrazing, reduce re-
tention of water in watersheds and,



Table 1. Physical responses to altered flow regimes.



Source(s) of alteration Hydrologic change(s) Geomorphic response(s) Reference(s)



Dam Capture sediment moving Downstream channel erosion and Chien 1985, Petts 1984, 1985,
downstream tributary headcutting Williams and Wolman 1984



Bed armoring (coarsening) Chien 1985



Dam, diversion Reduce magnitude and frequency Deposition of fines in gravel Sear 1995, Stevens et al. 1995
of high flows



Channel stabilization and Johnson 1994, Williams and
narrowing Wolman 1984



Reduced formation of point bars, Chien 1985, Copp 1989,
secondary channels, oxbows, Fenner et al. 1985
and changes in channel planform



Urbanization, tiling, drainage Increase magnitude and frequency Bank erosion and channel widening Hammer 1972
of high flows



Downward incision and floodplain Prestegaard 1988
disconnection



Reduced infiltration into soil Reduced baseflows Leopold 1968



Levees and channelization Reduce overbank flows Channel restriction causing Daniels 1960, Prestegaard
downcutting et al. 1994



Floodplain deposition and Sparks 1992
erosion prevented



Reduced channel migration and Shankman and Drake 1990
formation of secondary channels



Groundwater pumping Lowered water table levels Streambank erosion and channel Kondolf and Curry 1986
downcutting after loss of vegetation
stability
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instead, route it quickly downstream,
increasing the size and frequency of
floods and reducing baseflow levels
during dry periods (Figure 3b; Leo-
pold 1968). Over time, these prac-
tices degrade in-channel habitat for
aquatic species. They may also iso-
late the floodplain from overbank
flows, thereby degrading habitat for
riparian species. Similarly, urban-
ization and suburbanization associ-
ated with human population expan-
sion across the landscape create
impermeable surfaces that direct
water away from subsurface path-
ways to overland flow (and often
into storm drains). Consequently,
floods increase in frequency and in-
tensity (Beven 1986), banks erode,
and channels widen (Hammer 1972),



and baseflow declines during dry pe-
riods (Figure 3c).



Whereas dams and diversions af-
fect rivers of virtually all sizes, and
land-use impacts are particularly evi-
dent in headwaters, lowland rivers
are greatly influenced by efforts to
sever channel–floodplain linkages.
Flood control projects have short-
ened, narrowed, straightened, and
leveed many river systems and cut
the main channels off from their flood-
plains (NRC 1992). For example,
channelization of the Kissimmee River
above Lake Okeechobee, Florida, by
the US Army Corps of Engineers
transformed a historical 166 km
meandering river with a 1.5 to 3 km
wide floodplain into a 90 km long
canal flowing through a series of five



impoundments, resulting in great loss
of river channel habitat and adjacent
floodplain wetlands (Toth 1995).
Because levees are designed to pre-
vent increases in the width of flow,
rivers respond by cutting deeper
channels, reaching higher velocities,
or both.



Channelization and wetland
drainage can actually increase the
magnitude of extreme floods, be-
cause reduction in upstream storage
capacity results in accelerated water
delivery downstream. Much of the
damage caused by the extensive
flooding along the Mississippi River
in 1993 resulted from levee failure as
the river reestablished historic con-
nections to the floodplain. Thus, al-
though elaborate storage dam and
levee systems can “reclaim” the
floodplain for agriculture and hu-
man settlement in most years, the
occasional but inevitable large floods
will impose increasingly high disas-
ter costs to society (Faber 1996). The
severing of floodplains from rivers
also stops the processes of sediment
erosion and deposition that regulate
the topographic diversity of flood-
plains. This diversity is essential for
maintaining species diversity on
floodplains, where relatively small
differences in land elevation result in
large differences in annual inunda-
tion and soil moisture regimes, which
regulate plant distribution and abun-
dance (Sparks 1992).



Ecological functions of the
natural flow regime
Naturally variable flows create and
maintain the dynamics of in-channel
and floodplain conditions and habi-
tats that are essential to aquatic and
riparian species, as shown schemati-
cally in Figure 4. For purposes of
illustration, we treat the components
of a flow regime individually, al-
though in reality they interact in
complex ways to regulate geomor-
phic and ecological processes. In de-
scribing the ecological functions as-
sociated with the components of a
flow regime, we pay particular at-
tention to high- and low-flow events,
because they often serve as ecologi-
cal “bottlenecks” that present criti-
cal stresses and opportunities for a
wide array of riverine species (Poff
and Ward 1989).



Since the Glen Canyon dam first began to store water in 1963, creating
Lake Powell, some 430 km (270 miles) of the Colorado River, including



Grand Canyon National Park, have been virtually bereft of seasonal floods.
Before 1963, melting snow in the upper basin produced an average peak
discharge exceeding 2400 m3/s; after the dam was constructed, releases
were generally maintained at less than 500 m3/s. The building of the dam
also trapped more than 95% of the sediment moving down the Colorado
River in Lake Powell (Collier et al. 1996).



This dramatic change in flow regime produced drastic alterations in the
dynamic nature of the historically sediment-laden Colorado River. The
annual cycle of scour and fill had maintained large sandbars along the river
banks, prevented encroachment of vegetation onto these bars, and limited
bouldery debris deposits from constricting the river at the mouths of
tributaries (Collier et al. 1997). When flows were reduced, the limited
amount of sand accumulated in the channel rather than in bars farther up
the river banks, and shallow low-velocity habitat in eddies used by juvenile
fishes declined. Flow regulation allowed for increased cover of wetland and
riparian vegetation, which expanded into sites that were regularly scoured
by floods in the constrained fluvial canyon of the Colorado River; however,
much of the woody vegetation that established after the dam’s construction
is composed of an exotic tree, salt cedar (Tamarix sp.; Stevens et al. 1995).
Restoration of flood flows clearly would help to steer the aquatic and
riparian ecosystem toward its former state and decrease the area of wetland
and riparian vegetation, but precisely how the system would respond to an
artificial flood could not be predicted.



In an example of adaptive management (i.e., a planned experiment to
guide further actions), a controlled, seven-day flood of 1274 m3/s was
released through the Glen Canyon dam in late March 1996. This flow,
roughly 35% of the pre-dam average for a spring flood (and far less than
some large historical floods), was the maximum flow that could pass
through the power plant turbines plus four steel drainpipes, and it cost
approximately $2 million in lost hydropower revenues (Collier et al. 1997).
The immediate result was significant beach building: Over 53% of the
beaches increased in size, and just 10% decreased in size. Full documenta-
tion of the effects will continue to be monitored by measuring channel
cross-sections and studying riparian vegetation and fish populations.



A controlled flood in the Grand Canyon
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The magnitude and frequency of
high and low flows regulate numer-
ous ecological processes. Frequent,
moderately high flows effectively
transport sediment through the chan-
nel (Leopold et al. 1964). This sedi-
ment movement, combined with the
force of moving water, exports or-
ganic resources, such as detritus and
attached algae, rejuvenating the bio-
logical community and allowing
many species with fast life cycles and
good colonizing ability to reestab-
lish (Fisher 1983). Consequently, the
composition and relative abundance
of species that are present in a stream
or river often reflect the frequency
and intensity of high flows (Meffe
and Minckley 1987, Schlosser 1985).



High flows provide further eco-
logical benefits by maintaining eco-
system productivity and diversity.
For example, high flows remove and
transport fine sediments that would
otherwise fill the interstitial spaces
in productive gravel habitats (Beschta
and Jackson 1979). Floods import
woody debris into the channel (Keller
and Swanson 1979), where it creates
new, high-quality habitat (Figure 4;
Moore and Gregory 1988, Wallace
and Benke 1984). By connecting the
channel to the floodplain, high
overbank flows also maintain
broader productivity and diversity.
Floodplain wetlands provide impor-
tant nursery grounds for fish and
export organic matter and organ-
isms back into the main channel (Junk
et al. 1989, Sparks 1995, Welcomme
1992). The scouring of floodplain
soils rejuvenates habitat for plant
species that germinate only on bar-
ren, wetted surfaces that are free of
competition (Scott et al. 1996) or
that require access to shallow water
tables (Stromberg et al. 1997). Flood-
resistant, disturbance-adapted ripar-
ian communities are maintained by
flooding along river corridors, even
in river sections that have steep banks
and lack floodplains (Hupp and
Osterkamp 1985).



Flows of low magnitude also pro-
vide ecological benefits. Periods of
low flow may present recruitment
opportunities for riparian plant spe-
cies in regions where floodplains are
frequently inundated (Wharton et
al. 1981). Streams that dry tempo-
rarily, generally in arid regions, have
aquatic (Williams and Hynes 1977)



and riparian (Nilsen et al. 1984) spe-
cies with special behavioral or physi-
ological adaptations that suit them
to these harsh conditions.



The duration of a specific flow
condition often determines its eco-
logical significance. For example, dif-
ferences in tolerance to prolonged
flooding in riparian plants (Chapman
et al. 1982) and to prolonged low flow
in aquatic invertebrates (Williams and
Hynes 1977) and fishes (Closs and
Lake 1996) allow these species to
persist in locations from which they
might otherwise be displaced by
dominant, but less tolerant, species.



The timing, or predictability, of
flow events is critical ecologically
because the life cycles of many
aquatic and riparian species are timed
to either avoid or exploit flows of
variable magnitudes. For example,
the natural timing of high or low
streamflows provides environmen-
tal cues for initiating life cycle tran-
sitions in fish, such as spawning
(Montgomery et al. 1983, Nesler et
al. 1988), egg hatching (Næsje et al.
1995), rearing (Seegrist and Gard
1978), movement onto the flood-
plain for feeding or reproduction
(Junk et al. 1989, Sparks 1995,
Welcomme 1992), or migration up-
stream or downstream (Trépanier et
al. 1996). Natural seasonal varia-
tion in flow conditions can prevent



the successful establishment of non-
native species with flow-dependent
spawning and egg incubation require-
ments, such as striped bass (Morone
saxatilis; Turner and Chadwick
1972) and brown trout (Salmo trutta;
Moyle and Light 1996, Strange et al.
1992).



Seasonal access to floodplain wet-
lands is essential for the survival of
certain river fishes, and such access
can directly link high wetland produc-
tivity with fish production in the stream
channel (Copp 1989, Welcomme
1979). Studies of the effects on stream
fishes of both extensive and limited
floodplain inundation (Finger and
Stewart 1987, Ross and Baker 1983)
indicate that some fishes are adapted
to exploiting floodplain habitats, and
these species decline in abundance
when floodplain use is restricted.
Models indicate that catch rates and
biomass of fish are influenced by
both maximum and minimum wet-
land area (Power et al. 1995,
Welcomme and Hagborg 1977), and
empirical work shows that the area
of floodplain water bodies during
nonflood periods influences the spe-
cies richness of those wetland habi-
tats (Halyk and Balon 1983). The
timing of floodplain inundation is
important for some fish because mi-
gratory and reproductive behaviors
must coincide with access to and avail-



Figure 4. Geomorphic and ecological functions provided by different levels of flow.
Water tables that sustain riparian vegetation and that delineate in-channel baseflow
habitat are maintained by groundwater inflow and flood recharge (A). Floods of
varying size and timing are needed to maintain a diversity of riparian plant species
and aquatic habitat. Small floods occur frequently and transport fine sediments,
maintaining high benthic productivity and creating spawning habitat for fishes (B).
Intermediate-size floods inundate low-lying floodplains and deposit entrained sedi-
ment, allowing for the establishment of pioneer species (C). These floods also import
accumulated organic material into the channel and help to maintain the characteristic
form of the active stream channel. Larger floods that recur on the order of decades
inundate the aggraded floodplain terraces, where later successional species establish
(D). Rare, large floods can uproot mature riparian trees and deposit them in the channel,
creating high-quality habitat for many aquatic species (E).
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ability of floodplain habitats (Wel-
comme 1979). The match of reproduc-
tive period and wetland access also
explains some of the yearly variation
in stream fish community composition
(Finger and Stewart 1987).



Many riparian plants also have
life cycles that are adapted to the
seasonal timing components of natu-



ral flow regimes through their “emer-
gence phenologies”—the seasonal
sequence of flowering, seed dispersal,
germination, and seedling growth.
The interaction of emergence phe-
nologies with temporally varying
environmental stress from flooding
or drought helps to maintain high
species diversity in, for example,



southern floodplain forests (Streng
et al. 1989). Productivity of riparian
forests is also influenced by flow
timing and can increase when short-
duration flooding occurs in the grow-
ing season (Mitsch and Rust 1984,
Molles et al. 1995).



The rate of change, or flashiness,
in flow conditions can influence spe-



Table 2. Ecological responses to alterations in components of natural flow regime.a



Flow component Specific alteration Ecological response Reference(s)



Magnitude and Increased variation Wash-out and/or stranding Cushman 1985, Petts 1984
frequency Loss of sensitive species Gehrke et al. 1995, Kingsolving



and Bain 1993, Travnichek et
al. 1995



Increased algal scour and wash-out of Petts 1984
organic matter



Life cycle disruption Scheidegger and Bain 1995



Altered energy flow Valentin et al. 1995
Flow stabilization Invasion or establishment of exotic species,



leading to:
  Local extinction Kupferberg 1996, Meffe 1984
  Threat to native commercial species Stanford et al. 1996
  Altered communities Busch and Smith 1995, Moyle



1986, Ward and Stanford 1979
Reduced water and nutrients to floodplain
plant species, causing:
  Seedling desiccation Duncan 1993
  Ineffective seed dispersal Nilsson 1982
  Loss of scoured habitat patches and second- Fenner et al. 1985, Rood et al.
  ary channels needed for plant establishment 1995, Scott et al. 1997,



Shankman and Drake 1990
  Encroachment of vegetation into channels Johnson 1994, Nilsson 1982



Timing Loss of seasonal flow peaks Disrupt cues for fish:
  Spawning Fausch and Bestgen 1997,



Montgomery et al. 1993, Nesler
et al. 1988



  Egg hatching Næsje et al. 1995
  Migration Williams 1996
Loss of fish access to wetlands or backwaters Junk et al. 1989, Sparks 1995
Modification of aquatic food web structure Power 1992, Wootton et al. 1996
Reduction or elimination of riparian plant Fenner et al. 1985
recruitment
Invasion of exotic riparian species Horton 1977
Reduced plant growth rates Reily and Johnson 1982



Duration Prolonged low flows Concentration of aquatic organisms Cushman 1985, Petts 1984
Reduction or elimination of plant cover Taylor 1982
Diminished plant species diversity Taylor 1982
Desertification of riparian species Busch and Smith 1995, Stromberg
composition et al. 1996
Physiological stress leading to reduced plant Kondolf and Curry 1986, Perkins et
growth rate, morphological change, al. 1984, Reily and Johnson 1982,
or mortality Rood  et al. 1995, Stromberg et al.



1992



Prolonged baseflow “spikes” Downstream loss of floating eggs Robertson 1997



Altered inundation duration Altered plant cover types Auble et al. 1994



Prolonged inundation Change in vegetation functional type Bren 1992, Connor et al. 1981
Tree mortality Harms et al. 1980
Loss of riffle habitat for aquatic species Bogan 1993



Rate of change Rapid changes in river stage Wash-out and stranding of aquatic species Cushman 1985, Petts 1984



Accelerated flood recession Failure of seedling establishment Rood et al. 1995



aOnly representative studies are listed here. Additional references are located on the Web at http://lamar.colostate.edu/~poff/natflow.html.
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cies persistence and coexistence. In
many streams and rivers, particu-
larly in arid areas, flow can change
dramatically over a period of hours
due to heavy storms. Non-native
fishes generally lack the behavioral
adaptations to avoid being displaced
downstream by sudden floods
(Minckley and Deacon 1991). In a
dramatic example of how floods can
benefit native species, Meffe (1984)
documented that a native fish, the Gila
topminnow (Poeciliopsis occidentalis),
was locally extirpated by the intro-
duced predatory mosquitofish (Gam-
busia affinis) in locations where natu-
ral flash floods were regulated by
upstream dams, but the native species
persisted in naturally flashy streams.



Rapid flow increases in streams of
the central and southwestern United
States often serve as spawning cues
for native minnow species, whose
rapidly developing eggs are either
broadcast into the water column or
attached to submerged structures as
floodwaters recede (Fausch and Best-
gen 1997, Robertson in press). More
gradual, seasonal rates of change in
flow conditions also regulate the per-
sistence of many aquatic and riparian
species. Cottonwoods (Populus spp.),
for example, are disturbance species
that establish after winter–spring
flood flows, during a narrow “win-
dow of opportunity” when competi-
tion-free alluvial substrates and wet
soils are available for germination.
A certain rate of floodwater reces-
sion is critical to seedling germina-
tion because seedling roots must re-
main connected to a receding water
table as they grow downward (Rood
and Mahoney 1990).



Ecological responses to altered
flow regimes
Modification of the natural flow re-
gime dramatically affects both
aquatic and riparian species in
streams and rivers worldwide. Eco-
logical responses to altered flow re-
gimes in a specific stream or river
depend on how the components of
flow have changed relative to the
natural flow regime for that particu-
lar stream or river (Poff and Ward
1990) and how specific geomorphic
and ecological processes will respond
to this relative change. As a result of



variation in flow regime within and
among rivers (Figure 2), the same
human activity in different locations
may cause different degrees of change
relative to unaltered conditions and,
therefore, have different ecological
consequences.



Flow alteration commonly changes
the magnitude and frequency of high
and low flows, often reducing vari-
ability but sometimes enhancing the
range. For example, the extreme daily
variations below peaking power hy-
droelectric dams have no natural
analogue in freshwater systems and
represent, in an evolutionary sense,
an extremely harsh environment of
frequent, unpredictable flow distur-
bance. Many aquatic populations liv-
ing in these environments suffer high
mortality from physiological stress,
from wash-out during high flows,
and from stranding during rapid de-
watering (Cushman 1985, Petts
1984). Especially in shallow shore-
line habitats, frequent atmospheric
exposure for even brief periods can
result in massive mortality of bot-
tom-dwelling organisms and subse-
quent severe reductions in biological
productivity (Weisberg et al. 1990).
Moreover, the rearing and refuge
functions of shallow shoreline or
backwater areas, where many small
fish species and the young of large
species are found (Greenberg et al.
1996, Moore and Gregory 1988),
are severely impaired by frequent
flow fluctuations (Bain et al. 1988,
Stanford 1994). In these artificially
fluctuating environments, specialized
stream or river species are typically
replaced by generalist species that
tolerate frequent and large varia-
tions in flow. Furthermore, life cycles
of many species are often disrupted
and energy flow through the ecosys-
tem is greatly modified (Table 2).
Short-term flow modifications clearly
lead to a reduction in both the natu-
ral diversity and abundance of many
native fish and invertebrates.



At the opposite hydrologic ex-
treme, flow stabilization below cer-
tain types of dams, such as water
supply reservoirs, results in artifi-
cially constant environments that
lack natural extremes. Although pro-
duction of a few species may in-
crease greatly, it is usually at the
expense of other native species and
of systemwide species diversity



(Ward and Stanford 1979). Many
lake fish species have successfully
invaded (or been intentionally estab-
lished in) flow-stabilized river envi-
ronments (Moyle 1986, Moyle and
Light 1996). Often top predators,
these introduced fish can devastate
native river fish and threaten com-
mercially valuable stocks (Stanford
et al. 1996). In the southwestern
United States, virtually the entire
native river fish fauna is listed as
threatened under the Endangered
Species Act, largely as a consequence
of water withdrawal, flow stabiliza-
tion, and exotic species prolifera-
tion. The last remaining strongholds
of native river fishes are all in dy-
namic, free-flowing rivers, where
exotic fishes are periodically reduced
by natural flash floods (Minckley
and Deacon 1991, Minckley and
Meffe 1987).



Flow stabilization also reduces the
magnitude and frequency of overbank
flows, affecting riparian plant species
and communities. In rivers with con-
strained canyon reaches or multiple
shallow channels, loss of high flows
results in increased cover of plant
species that would otherwise be re-
moved by flood scour (Ligon et al.
1995, Williams and Wolman 1984).
Moreover, due to other related ef-
fects of flow regulation, including
increased water salinity, non-native
vegetation often dominates, such as
the salt cedar (Tamarix sp.) in the
semiarid western United States
(Busch and Smith 1995). In alluvial
valleys, the loss of overbank flows
can greatly modify riparian commu-
nities by causing plant desiccation,
reduced growth, competitive exclu-
sion, ineffective seed dispersal, or
failure of seedling establishment
(Table 2).



The elimination of flooding may
also affect animal species that de-
pend on terrestrial habitats. For ex-
ample, in the flow-stabilized Platte
River of the United States Great
Plains, the channel has narrowed
dramatically (up to 85%) over a
period of decades (Johnson 1994).
This narrowing has been facilitated
by vegetative colonization of sand-
bars that formerly provided nest-
ing habitat for the threatened pip-
ing plover (Charadius melodius)
and endangered least tern (Sterna
antillarum; Sidle et al. 1992). Sand-
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hill cranes (Grus canadensis), which
made the Platte River famous, have
abandoned river segments that have
narrowed the most (Krapu et al. 1984).



Changes in the duration of flow
conditions also have significant bio-
logical consequences. Riparian plant
species respond dramatically to chan-
nel dewatering, which occurs fre-
quently in arid regions due to surface
water diversion and groundwater
pumping. These biological and eco-
logical responses range from altered
leaf morphology to total loss of ri-
parian vegetation cover (Table 2).
Changes in duration of inundation,
independent of changes in annual
volume of flow, can alter the abun-
dance of plant cover types (Auble et
al. 1994). For example, increased
duration of inundation has contrib-
uted to the conversion of grassland
to forest along a regulated Austra-
lian river (Bren 1992). For aquatic
species, prolonged flows of particu-
lar levels can also be damaging. In
the regulated Pecos River of New
Mexico, artificially prolonged high
summer flows for irrigation displace
the floating eggs of the threatened
Pecos bluntnose shiner (Notropis sinius
pecosensis) into unfavorable habitat,
where none survive (Robertson in
press).



Modification of natural flow tim-
ing, or predictability, can affect
aquatic organisms both directly and
indirectly. For example, some native
fishes in Norway use seasonal flow
peaks as a cue for egg hatching, and
river regulation that eliminates these
peaks can directly reduce local popu-
lation sizes of these species (Næsje et
al. 1995). Furthermore, entire food
webs, not just single species, may be
modified by altered flow timing. In
regulated rivers of northern Califor-
nia, the seasonal shifting of scouring
flows from winter to summer indi-
rectly reduces the growth rate of juve-
nile steelhead trout (Oncorhyncus
mykiss) by increasing the relative
abundance of predator-resistant in-
vertebrates that divert energy away
from the food chain leading to trout
(Wootton et al. 1996). In unregu-
lated rivers, high winter flows re-
duce these predator-resistant insects
and favor species that are more pal-
atable to fish.



Riparian plant species are also
strongly affected by altered flow tim-



ing (Table 2). A shift in timing of
peak flows from spring to summer,
as often occurs when reservoirs are
managed to supply irrigation water,
has prevented reestablishment of the
Fremont cottonwood (Populus
fremontii), the dominant plant spe-
cies in Arizona, because flow peaks
now occur after, rather than before,
its germination period (Fenner et al.
1985). Non-native plant species with
less specific germination require-
ments may benefit from changes in
flood timing. For example, salt
cedar’s (Tamarix sp.) long seed dis-
persal period allows it to establish
after floods occurring any time during
the growing season, contributing to its
abundance on floodplains of the west-
ern United States (Horton 1977).



Altering the rate of change in flow
can negatively affect both aquatic
and riparian species. As mentioned
above, loss of natural flashiness



threatens most of the native fish fauna
of the American Southwest (Minckley
and Deacon 1991), and artificially
increased rates of change caused by
peaking power hydroelectric dams
on historically less flashy rivers cre-
ates numerous ecological problems
(Table 2; Petts 1984). A modified
rate of change can devastate riparian
species, such as cottonwoods, whose
successful seedling growth depends
on the rate of groundwater recession
following floodplain inundation. In
the St. Mary River in Alberta,
Canada, for example, rapid draw-
downs of river stage during spring
have prevented the recruitment of
young trees (Rood and Mahoney
1990). Such effects can be reversed,
however. Restoration of the spring
flood and its natural, slow recession
in the Truckee River in California
has allowed the successful establish-
ment of a new generation of cotton-



Figure 5. A brief history of flow alteration in the United States.
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wood trees (Klotz and Swanson
1997).



Recent approaches to
streamflow management
Methods to estimate environmental
flow requirements for rivers focus



primarily on one or a few species
that live in the wetted river channel.
Most of these methods have the nar-
row intent of establishing minimum
allowable flows. The simplest make
use of easily analyzed flow data, of
assumptions about the regional simi-
larity of rivers, and of professional



opinions of the minimal flow needs
for certain fish species (e.g., Larson
1981).



A more sophisticated assessment
of how changes in river flow affect
aquatic habitat is provided by the
Instream Flow Incremental Method-
ology (IFIM; Bovee and Milhous



Table 3. Recent projects in which restoration of some component(s) of natural flow regimes has occurred or been proposed
for specific ecological benefits.



Location Flow component(s) Ecological purpose(s) Reference



Trinity River, CA Mimic timing and magnitude of peak Rejuvenate in-channel gravel habitats; restore Barinaga 1996a



flow early riparian succession; provide migration
flows for juvenile salmon



Truckee River, CA Mimic timing, magnitude, and duration Restore riparian trees, especially cottonwoods Klotz and Swanson
of peak flow, and its rate of change 1997
during recession



Owens River, CA Increase base flows; partially restore Restore riparian vegetation and habitat for Hill and Platts in
overbank flows native fishes and non-native brown trout press



Rush Creek, CA (and other Increase minimum flows Restore riparian vegetation and habitat for LADWP 1995
tributaries to Mono Lake) waterfowl and non-native fishes



Oldman River and tributaries, Increase summer flows; reduce rates of Restore riparian vegetation (cottonwoods) Rood et al. 1995
southern Alberta, Canada postflood stage decline; mimic natural and cold-water (trout) fisheries



flows in wet years



Green River, UT Mimic timing and duration of peak flow Recovery of endangered fish species; enhance Stanford 1994
and duration and timing of nonpeak other native fishes
flows; reduce rapid baseflow fluctu-
ations from hydropower generation



San Juan River, UT/NM Mimic magnitude, timing, and duration Recovery of endangered fish species        —b



of peak flow; restore low winter
baseflows



Gunnison River, CO Mimic magnitude, timing, and duration Recovery of endangered fish species        —b



of peak flow; mimic duration and timing
of nonpeak flows



Rio Grande River, NM Mimic timing and duration of flood- Ecosystem processes (e.g., nitrogen flux, Molles et al. 1995
plain inundation microbial activity, litter decomposition)



Pecos River, NM Regulate duration and magnitude of Determine spawning and habitat needs Robertson 1997
summer irrigation releases to mimic for threatened fish species
spawning flow “spikes”; maintain
minimum flows



Colorado River, AZ Mimic magnitude and timing Restore habitat for endangered fish species Collier et al. 1997
and scour riparian zone



Bill Williams River, AZ Mimic natural flood peak timing Promote establishment of native trees USCOE 1996
(proposed) and duration



Pemigewasset River, NH Reduce frequency (i.e., to no more Enhance native Atlantic salmon recovery FERC 1995
than natural frequency) of high flows
during summer low-flow season; reduce
rate of change between low and high
flows during hydropower cycles



Roanoke River, VA Restore more natural patterning of Increased reproduction of striped bass Rulifson and Manooch
monthly flows in spring; reduce rate of 1993
change between low and high flows
during hydropower cycles



Kissimmee River, FL Mimic magnitude, duration, rate of Restore floodplain inundation to recover Toth 1995
change, and timing of high- and low- wetland functions; reestablish in-channel
flow periods habitats for fish and other aquatic species



aJ. Polos, 1997, personal communication. US Fish & Wildlife Service, Arcata, CA.
bF. Pfeifer, 1997, personal communication. US Fish & Wildlife Service, Grand Junction, CO.
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1978). IFIM combines two models, a
biological one that describes the physi-
cal habitat preferences of fishes (and
occasionally macroinvertebrates) in
terms of depth, velocity, and substrate,
and a hydraulic one that estimates
how the availability of habitat for
fish varies with discharge. IFIM has
been widely used as an organiza-
tional framework for formulating
and evaluating alternative water
management options related to pro-
duction of one or a few fish species
(Stalnaker et al. 1995).



As a predictive tool for ecological
management, the IFIM modeling
approach has been criticized both in
terms of the statistical validity of its
physical habitat characterizations
(Williams 1996) and the limited re-
alism of its biological assumptions
(Castleberry et al. 1996). Field tests
of its predictions have yielded mixed
results (Morehardt 1986). Although
this approach continues to evolve,
both by adding biological realism
(Van Winkle et al. 1993) and by
expanding the range of habitats
modeled (Stalnaker et al. 1995), in
practice it is often used only to estab-
lish minimum flows for “important”
(i.e., game or imperiled) fish species.
But current understanding of river
ecology clearly indicates that fish
and other aquatic organisms require
habitat features that cannot be main-
tained by minimum flows alone (see
Stalnaker 1990). A range of flows is
necessary to scour and revitalize
gravel beds, to import wood and
organic matter from the floodplain,
and to provide access to productive
riparian wetlands (Figure 4). Inter-
annual variation in these flow peaks
is also critical for maintaining chan-
nel and riparian dynamics. For ex-
ample, imposition of only a fixed
high-flow level each year would sim-
ply result in the equilibration of in-
channel and floodplain habitats to
these constant peak flows.



Moreover, a focus on one or a few
species and on minimum flows fails
to recognize that what is “good” for
the ecosystem may not consistently
benefit individual species, and that
what is good for individual species
may not be of benefit to the ecosys-
tem. Long-term studies of naturally
variable systems show that some spe-
cies do best in wet years, that other
species do best in dry years, and that



overall biological diversity and eco-
system function benefit from these
variations in species success (Tilman
et al. 1994). Indeed, experience in
river restoration clearly shows the
impossibility of simultaneously en-
gineering optimal conditions for all
species (Sparks 1992, 1995, Toth
1995). A holistic view that attempts
to restore natural variability in eco-
logical processes and species success
(and that acknowledges the tremen-
dous uncertainty that is inherent in
attempting to mechanistically model
all species in the ecosystem) is neces-
sary for ecosystem management and
restoration (Franklin 1993).



Managing toward a natural
flow regime
The first step toward better incorpo-
rating flow regime into the manage-
ment of river ecosystems is to recog-
nize that extensive human alteration
of river flow has resulted in wide-
spread geomorphic and ecological
changes in these ecosystems. The his-
tory of river use is also a history of
flow alteration (Figure 5). The early
establishment of the US Army Corps
of Engineers is testimony to the im-
portance that the nation gave to de-
veloping navigable water routes and
to controlling recurrent large floods.
However, growing understanding of
the ecological impacts of flow alter-
ation has led to a shift toward an
appreciation of the merits of free-
flowing rivers. For example, the Wild
and Scenic Rivers Act of 1968 recog-
nized that the flow of certain rivers
should be protected as a national
resource, and the recent blossoming
of natural flow restoration projects
(Table 3) may herald the beginning
of efforts to undo some of the dam-
age of past flow alterations. The next
century holds promise as an era for
renegotiating human relationships
with rivers, in which lessons from past
experience are used to direct wise and
informed action in the future.



A large body of evidence has
shown that the natural flow regime
of virtually all rivers is inherently
variable, and that this variability is
critical to ecosystem function and
native biodiversity. As we have al-
ready discussed, rivers with highly
altered and regulated flows lose their
ability to support natural processes



and native species. Thus, to protect
pristine or nearly pristine systems, it
is necessary to preserve the natural
hydrologic cycle by safeguarding
against upstream river development
and damaging land uses that modify
runoff and sediment supply in the
watershed.



Most rivers are highly modified,
of course, and so the greatest chal-
lenges lie in managing and restoring
rivers that are also used to satisfy
human needs. Can reestablishing the
natural flow regime serve as a useful
management and restoration goal?
We believe that it can, although to
varying degrees, depending on the
present extent of human interven-
tion and flow alteration affecting a
particular river. Recognizing the
natural variability of river flow and
explicitly incorporating the five com-
ponents of the natural flow regime
(i.e., magnitude, frequency, duration,
timing, and rate of change) into a
broader framework for ecosystem
management would constitute a
major advance over most present
management, which focuses on mini-
mum flows and on just a few species.
Such recognition would also con-
tribute to the developing science of
stream restoration in heavily altered
watersheds, where, all too often,
physical channel features (e.g., bars
and woody debris) are re-created
without regard to restoring the flow
regime that will help to maintain
these re-created features.



Just as rivers have been incremen-
tally modified, they can be incre-
mentally restored, with resulting
improvements to many physical and
biological processes. A list of recent
efforts to restore various components
of a natural flow regime (that is, to
“naturalize” river flow) demon-
strates the scope for success (Table
3). Many of the projects summarized
in Table 3 represent only partial steps
toward full flow restoration, but they
have had demonstrable ecological
benefits. For example, high flood
flows followed by mimicked natural
rates of flow decline in the Oldman
River of Alberta, Canada, resulted in
a massive cottonwood recruitment
that extended for more than 500 km
downstream from the Oldman Dam.
Dampening of the unnatural flow
fluctuations caused by hydroelectric
generation on the Roanoke River in
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Virginia has increased juvenile abun-
dances of native striped bass. Mim-
icking short-duration flow spikes that
are historically caused by summer
thunderstorms in the regulated Pecos
River of New Mexico has benefited
the reproductive success of the Pecos
bluntnose shiner.



We also recognize that there are
scientific limits to how precisely the
natural flow regime for a particular
river can be defined. It is possible to
have only an approximate knowl-
edge of the historic condition of a
river, both because some human ac-
tivities may have preceded the instal-
lation of flow gauges, and because
climate conditions may have changed
over the past century or more. Fur-
thermore, in many rivers, year-to-
year differences in the timing and
quantity of flow result in substantial
variability around any average flow
condition. Accordingly, managing
for the “average” condition can be
misguided. For example, in human-
altered rivers that are managed for
incremental improvements, restoring
a flow pattern that is simply propor-
tional to the natural hydrograph in
years with little runoff may provide
few if any ecological benefits, be-
cause many geomorphic and eco-
logical processes show nonlinear re-
sponses to flow. Clearly, half of the
peak discharge will not move half of
the sediment, half of a migration-
motivational flow will not motivate
half of the fish, and half of an
overbank flow will not inundate half
of the floodplain. In such rivers, more
ecological benefits would accrue
from capitalizing on the natural be-
tween-year variability in flow. For
example, in years with above-aver-
age flow, “surplus” water could be
used to exceed flow thresholds that
drive critical geomorphic and eco-
logical processes.



If full flow restoration is impos-
sible, mimicking certain geomorphic
processes may provide some ecologi-
cal benefits. Well-timed irrigation
could stimulate recruitment of val-
ued riparian trees such as cotton-
woods (Friedman et al. 1995). Stra-
tegically clearing vegetation from
river banks could provide new
sources of gravel for sediment-
starved regulated rivers with reduced
peak flows (e.g., Ligon et al. 1995).
In all situations, managers will be



required to make judgments about
specific restoration goals and to work
with appropriate components of the
natural flow regime to achieve those
goals. Recognition of the natural flow
variability and careful identification
of key processes that are linked to
various components of the flow re-
gime are critical to making these
judgments.



Setting specific goals to restore a
more natural regime in rivers with
altered flows (or, equally important,
to preserve unaltered flows in pristine
rivers) should ideally be a cooperative
process involving river scientists, re-
source managers, and appropriate
stakeholders. The details of this pro-
cess will vary depending on the spe-
cific objectives for the river in ques-
tion, the degree to which its flow
regime and other environmental vari-
ables (e.g., thermal regime, sediment
supply) have been altered, and the
social and economic constraints that
are in play. Establishing specific cri-
teria for flow restoration will be chal-
lenging because our understanding
of the interactions of individual flow
components with geomorphic and
ecological processes is incomplete.
However, quantitative, river-specific
standards can, in principle, be devel-
oped based on the reconstruction of
the natural flow regime (e.g., Rich-
ter et al. 1997). Restoration actions
based on such guidelines should be
viewed as experiments to be moni-
tored and evaluated—that is, adap-
tive management—to provide criti-
cal new knowledge for creative
management of natural ecosystem
variability (Table 3).



To manage rivers from this new
perspective, some policy changes are
needed. The narrow regulatory fo-
cus on minimum flows and single
species impedes enlightened river
management and restoration, as do
the often conflicting mandates of the
many agencies and organizations that
are involved in the process. Revi-
sions of laws and regulations, and
redefinition of societal goals and poli-
cies, are essential to enable managers
to use the best science to develop ap-
propriate management programs.



Using science to guide ecosystem
management requires that basic and
applied research address difficult
questions in complex, real-world set-
tings, in which experimental con-



trols and statistical replication are
often impossible. Too little attention
and too few resources have been de-
voted to clarifying how restoring
specific components of the flow re-
gime will benefit the entire ecosys-
tem. Nevertheless, it is clear that,
whenever possible, the natural river
system should be allowed to repair
and maintain itself. This approach is
likely to be the most successful and
the least expensive way to restore
and maintain the ecological integrity
of flow-altered rivers (Stanford et al.
1996). Although the most effective
mix of human-aided and natural re-
covery methods will vary with the
river, we believe that existing knowl-
edge makes a strong case that restor-
ing natural flows should be a corner-
stone of our management approach
to river ecosystems.
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On Fri, May 9, 2014 at 1:35 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Hi Dave,
 
My notes from the Connectivity Panel teleconferences last week indicate that you would
 provide some additional references addressing the spatial and temporal scale of
 connectivity for the three water body types.  These references could be included in Section
 3.2 (the conceptual model question).
 
Please send me any additional references by May 19th so they can be included in the next
 draft of the report which will be discussed on the June 19th teleconference.  Thanks very
 much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W.
 Washington, D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan
 Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: rpb2@psu.edu
Cc: adr79@cornell.edu; Goodman, Iris; emily.bernhardt@duke.edu
Subject: Assignment from the SAB Connectivity Panel teleconferences
Date: Friday, May 09, 2014 1:36:00 PM
Attachments: SAB Connectivity Panel Draft Report_4_23_14 (markup).docx


Hi Rob,
 
My notes from the Connectivity Panel teleconferences last week indicate that you had the following
 assignment”
 


Page 58, lines 37-47: The text will be revised to make it shorter. (Brooks)
 
I have attached the word file of the 4/23/14 markup draft. Please send me your revised text by May


 19th so it can be included in the next draft of the report which will be discussed on the Panel’s June


 19th teleconference.
 
Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. 	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on material flows generated by fauna, particularly avian fauna.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for Unidirectional Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and “geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birds is important as they spatially integrate these wetlands through their movements. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) a wishy washy statement.... too all inclusive which brings us back to the concept of  "sufficiently long time scale".... what does that mean or imply? 





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc385943123]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There must be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on downstream water quality. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure	Comment by Murphy: (Murphy)  See general comments. Need to provide a conceptual model.


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that the literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, thea conceptual frameworkmodel for ecological connectivity needs to be revised and clearly articulated at the beginning of the Chapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous  physical, hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity, such as the influence of human activities, should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 	Comment by Meyer: (Meyer)  Don’t need this first sentence, which is just a restatement of the charge question written in the lines above it.
	Comment by Duncan: (Patten) this implies that no new important citations are or will be suggested.   Is that so? 	Comment by Murphy: (Murphy)	Comment by Benda: (Benda) Here and in numerous other places in the SAB review document, the need for an improved conceptual framework expressed as continuous (4 dimensional) hydrological, chemical, and biological flowpaths is mentioned. It would be helpful to EPA if the SAB could provide additional guidance (illustrative) on what that conceptual framework might look like. In addition, here and in numerous other places in the SAB review document, the term “hydrological us used. I think that if “hydrological” is to be understood to be all encompassing, then here and at a few other strategic locations in the SAB review document, this should be clarified. 

	Comment by Murphy: (Murphy) We have stated that discontinuity needs to be addressed, too.	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) provide an example of the “commonly used terminology” that we are requesting them to use.
	Comment by Meyer: (Meyer) I read this paragraph as a summary of our recommendations.  If that is the case, then (5) needs to be more complete.   It should be replaced with “5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report.”  Otherwise, without that explicit list, it makes it sound as though we don’t care about those recommendations.






3.2.1.	Defining Connectivity	Comment by Josselyn: (Josselyn) See my recommendation included in the general comments on the draft report.





Because connectivity can be defined in many ways, the Report needs to define and concisely discuss what is meant by “connectivity” at the beginning of Chapter 3. Currently, connectivity is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





Recommendations





· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report, and a discussion included on how the scientific literature was used to establish the degree to which such connectivity was determined to have an effect on downstream water quality.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





3.2.2.	Defining the Scope of the Report	Comment by Josselyn: (Josselyn) See my recommendation on this section in the general comments on the draft report.





The SAB finds that the scope of the Report, with respect to the types of wetlands and water bodies covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various water bodies and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However; however, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of water bodies and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the wetland definition of Cowardin et al. (1979) to describe wetlands, and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. definition of a wetland was used[footnoteRef:4]. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.	Comment by Murphy: (Murphy) I am still not comfortable about using Cowardin et al 1979. The report is attempting to define what water bodies, wetlands or otherwise are included in the WUSA definition. Cowardin was developed to address other regulatory needs. The EPA report needs to develop its own definition.	Comment by Siobhan  F: (Fennessy) An excellent account of our discussion  [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.]  [4: 2 In response to questions from the SAB about the use of the “one parameter” wetland classification, EPA scientists explained that much of the scientific literature does not specify the method used to delineate the wetlands under study. Thus, EPA scientists used the broader ‘one parameter” definition of wetlands to more fully assess the entirety of the available scientific literature.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining what are considered waters and wetlands.	Comment by Sullivan: (Sullivan) And other water bodies?





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as wetlands or other water bodies (see discussion in Section 3.5.2 of this report). The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





· The differences between the wetland and waters definitions used in the Clean Water Act regulations and those used in the Report should be clearly explained. The Report should document, based on the scientific literature, what differences this may have on determining the degree of connectivity between wetlands and waters with downstream water quality.	Comment by Josselyn: (Josselyn) new recommendation.





3.2.3.	Use of a Flowpath Framework	Comment by Murphy: (Murphy) This is a crucial section. The writing needs to be simplified and made more concise. Further, the SAB report needs to write this to provide clear concepts and resultant terminology that consistently inform the entire rest of the discussion. 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and areprimarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 	Comment by Duncan: (Patten) This may be the most critical recommendation of our report.  This framework either demonstrates the connectivity that is important or side steps the often critical but ignored connections. 	Comment by Benda: (Benda) See previous comment about the use of the term “hydrological.”	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) this statement  or the parenthetical part of it should follow  the statement earlier about "highlighting four dimensional nature...."





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of physical, hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., physical= brown, hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (e.g., .. For example, the Ogallala aquifer) underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina. Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling that transitions to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.	Comment by Tank: (Tank) The description of the revision of Figure 1-1 (to be new Figure 3-1?) is somewhat long and a bit confusing. Perhaps it would be more effective if an example of new figure was inserted here? 	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) include  in examples deep  carbonate aquifer cross basin connections such as found in the Great Basin	Comment by Aldous: (Aldous)	Comment by Allan: (Allan) Is reference to the Ogallala aquifer relevant? I thought this was a deep aquifer with relatively little connection to surface water and shallow ground water. If that is so, we are extending our time horizon to very long geological time.	Comment by Allison Aldous: (Aldous)  This section needs specific citations





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains.. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) see above comment. This is important because impacting GW in one basin can effect flows in another including flows of rivers. 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, groundwater, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). In all three block diagrams, bedrock groundwater systems and flowpaths should be included to illustrate subregional/regional connectivity.	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)





Some editorial or technical corrections are needed in the Report to address various omissions, inconsistencies, and errors in the hydrology section, as well as other sections, of the Report. These and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 	Comment by Aldous: (Aldous)





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by (Horton (1945). 	Comment by Murphy: (Murphy) I’m not sure this distinction, which is difficult for non-hydrologists to understand, is important. Just call it Excess Overland Flow and cite the two papers.	Comment by Aldous: (Aldous)





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by (Dunne and Black1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further discuss variable source explain how areas and how theycontributing runoff expand and contract, and therefore changechanging the way that landscapes connect through storms and seasons (Dunne and Black 1970). Variable source areas have particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which are highly variable in space and time. The incomplete discussion of variable source areas is a critical shortcoming of the current version of the Report because it is through variable source areaThe expansion that waters and wetlandsof runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally becomechange the headward extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendationvariability suggests that connectivity be discussed as a continuous phenomenon.within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely and has organized the Report in sections, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscapes are considered to be discrete, it is important to clearly state that; however, the lines delineating these landscape categories are conceptual and/or fluid, i.e., that there areis no fixed bright lines betweenscientific consensus on separating the categories.	Comment by Murphy: (Murphy)	Comment by Harvey: (Harvey) Additional references.	Comment by Meyer: (Meyer) Noting that connectivity should be discussed as a “continuous phenomenon” is different than saying that there is a gradient of connectivity.
	Comment by Murphy: (Murphy)





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996). This document was developed with funding from the EPA and it provides an effective way to characterize groundwater systems in diverse hydrogeological settings; (e.g., Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Aldous: (Aldous)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics.. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among thethese habitats often throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke et al. and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely., thus Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Fausch: (Fausch)	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Murphy: (Murphy)





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.	Comment by Benda: (Benda) The issue of characterizing the strength of connectivity by illustrating it (in words, examples and better yet by diagrams or sketches) for each EPA connectivity component (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could be included in this section.






· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of physical, hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 	Comment by Kolm: (Kolm)





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) important point





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report and, described in the context of connectivity between waters and wetlands and downgradient waters.  and shown to be critical to the biological integrity of these connected waters.





· In presenting this conceptual framework, the Report should also discuss the temporal and spatial significance of the various pathways to downstream water quality.	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





 


3.2.4.	Revising and Defining the Terminology Used in the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms would employ a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire Report. 	Comment by Kolm: (Kolm)
	Comment by Duncan: (Patten) this seems to imply that four dimensional is a biological characteristic ... it is fundamentally a hydrological characteristic on which other phenomenon are connected. At least that is my take on it....	Comment by Allan: (Allan ) See my comments in the general comments on the report. If non-floodplain wetlands is to become the preferred term, I would like to see this section of the SAB report expanded to explain the reasoning





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” which the SAB notes could be connected to downstream waters through subsurface connections. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Harvey: (Harvey)	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Johnson: (Johnson) Duration and extent.	Comment by Duncan: (Patten) or necessarily, hydrological isolation as many "isolated wetlands" have a connection to groundwater flows which eventually connect to larger water bodies.  Also, there is a whole literature on isolated wetlands so why should they drop the term as it is widely used. 





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) and also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact. Although EPA may want to call such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.	Comment by Allan: (Allan) This troubles me given that nowher4e to this point has the SAB review indicated what time scale it is considering (and later in the SAB Review the timeline is extended to thousands of years).	Comment by Benda: (Benda) Although true as a general conceptual principle, I think it needs to be qualified somewhere in the EPA Draft Report that in practical (policy) terms (human time frames, land use pressures, limits of understanding, strength of connection), not everything is connected to everything else (as mentioned by more than one of the public commenters, e.g., “everything is connected to everything else” is not useful, including in the context of recent Supreme Court decisions). It is the responsibility of regulatory agencies, using various measures of strength of connectivity, to determine, out of this general scientific principle, what types of connections need to be protected to maintain healthy aquatic ecosystems.	Comment by Duncan: (Patten) this idea is bothersome. Should we "define" what we mean... for example, the amount of time that a groundwater flow moves across a basin to connect with rivers????





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)





3.2.5.	Layers of Complexity in the Conceptual Framework	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report,





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhancedenhanced by connectivity connectivityand while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the report and explicitly made in the section on unidirectional wetlands. Including Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 	Comment by Duncan: (Patten) is this repetitive? If so, maybe good....	Comment by Fausch: (Fausch)	Comment by Johnson: (Johnson)	Comment by Duncan: (Patten) do we imply here that some waters are truly isolated?   Or is this covered by "relative isolation"?	Comment by Aldous: (Aldous)





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.
	Comment by Allan: (Allan) Might be an opportunity to clarify some important timeframes of freshwater connectivity, such as 100-year floods (while acknowledging that events on even longer time frames, such as debris movements, can be important). I am uncomfortable with an open-ended temporal scale that might appear to embrace very long time scales.





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are long- lived or cumulative. Long -lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure (including connectivity) and function of downgradient waters over the scale of decades. Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki 2007). 





The SAB recommends that the Report compare and contrast the humid eEast and the arid sSouthwest and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitudeare most impacted by frequently recurrent rainfall events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitudeare primarily shaped by lower frequency rainfall events. The latter are nono less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands. This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Fausch: (Fausch)	Comment by Fausch: (Fausch) I do not fully understand the point of this sentence.	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point	Comment by Duncan: (Patten) should give a groundwater example here.... all these are surface examples... groundwater withdrawal can decrease connectivity, for example.   Since we emphasize groundwater connections in the framework, we should give GW examples. 	Comment by Siobhan  F: (Fennessy) Add a final sentence that we recommend the Report incorporate the effects of human alterations on connectivity (to ensure we are clear)






Flow and Transport Forcings and Regionalization	Comment by Sullivan: (Sullivan) I find this subtitle to be a bit awkward





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for states such as Hawaii and Alaska.regions of highly unique ecohydrology. This problem has been identified by a number of public commenters. For example, Alaskan streams and wetlands reflect a climate and solar aspect that is not represented elsewhere and Hawaii is also unlike other part of the US. The arid Southwest experiences a unique combination of climate and geology that conspire to create highly discontinuous flow regimes and riparian ecosystems (RWRD 2008)      The EPA therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004).) or a similar system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.	Comment by Murphy: (Murphy) This sounds like ‘selling.’





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligibleat sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 may make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Duncan: (Patten) surface and groundwater	Comment by Sullivan: (Sullivan) I find sufficient spatial scale to be unclear.	Comment by Johnson: (Johnson) Link this to “integrity” which is an EPA concern.






Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Many sStudies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and planned future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Johnson: (Johnson)	Comment by Siobhan  F: (Fennessy) Is this the word we want?  Perhaps ‘reflects the combination’ or ‘the aggregation’?	Comment by Johnson: (Johnson)





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 	Comment by Duncan: (Patten) why does mapping resolution only apply to streams?  Why not also wetlands and other water related entities? 





It is critical that readers of the Report understand that many databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM.  (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) physical, chemical, and biological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances inin the  technology used for the analysis.	Comment by Johnson: (Johnson)





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.


· The Report could more explicitly mention of the issue of evaluating, measuring and predicting the strength of connectivity and thus the significance of connectivity effects could be included. Each component of the EPA’s Draft Report (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could include discussion covering the issue of strength of connectivity, ideally utilizing a real life example, model simulation or at minimum a conceptualization. 	Comment by Benda: (Benda) additional item.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the agency EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.	Comment by Josselyn: (Josselyn) I concur with this recommendation.
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands”. The SAB finds that the focus on hydrologic connections in Section 5.4 and elsewhere does not account for important biological exchanges, not transported stream flow, that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, shallow ground water, deep ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994), especially those that address material flows generated by avian fauna, be added to the Report. Findings from additional literature on theEvidence from the literature on biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are is overwhelming and is particularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Duncan: (Patten) I think this is stretching connectivity... this could connect almost any location. 	Comment by Johnson: (Johnson) Insert references provided by Rob Brooks here





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) this worries me... 





· The literature review should analyze the scientific literature to specifically address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. Geographic differences, especially as it relates to precipitation, should be analyzed. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian/floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 





Similarly the SAB recommends that Figure 1, shown below, be used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). 	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?











Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms. 	Comment by Kolm: (Kolm) Not accurate for all case histories: Terminal salt lakes and playas may also have strong hydrologic connections like we see in Nevada and Death Valley, CA. Recommend deliting the sentence or modifying it to include both end members.

General comment: Each of the case histories presented could use a cross-sectional diagram illustrating the hydrology and connectivity of the features and region. It is difficult for most readers to visualize these descriptions of structure and function. [6:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible based on the scientific literature and provide specific statements on where the literature is lacking or incomplete. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude, short duration floods may infrequently connect non-riparian/non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Sullivan: (Sullivan) It seems like a predictability framework could also vbe helpful in understanding the degree of connectivityoutlined here (e.g., waterfowl migration moves nutrients at high magnitudes at relatively predictable intervals).	Comment by Benda: (Benda) Although mentioned previously in these comments, the issue that all waters are connected over sufficiently long time scales is highlighted again using the scale “thousands of years”. How many thousands of years? 1, 10, 100, 1000?  If the SAB wants to encourage EPA to consider hydrologic-habitat connectivity at these extended time scales, perhaps it should provide some guidance on how to determine the strength of those connections, in the context of policy making which is the ultimate use of the EPA Connectivity Report. The issue of expanded time scales comes up in other areas of the SAB review including under “Recommendations” (Pg. 50, lines 6-7).
	Comment by Allan: (Allan) I feel this seemingly side-steps the issue of degree of connectivity and the gradient comcept.	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 	Comment by Duncan: (Patten) we have this recommendation earlier but does this weaken the connectivity argument as it can be interpreted as geological time (e.g., millennia). 	Comment by Allan: (Allan) Although this statement acknowledges variation in magnitude of connectivity, I think the SAB review should direct the EPA Report towards greater specificity, rather than towards very general statements that provide little guidance on the degree of connectivity. Might this be an opportunity to suggest that, while all systems are connected, the strength of connectivity is affected by many variables and is best decided on a case-by-case basis?





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are likely to be connected to downstream water (in various magnitudes) over sufficiently long time scales., yet the effects of these connections vary widely in magnitude across wetlands.	Comment by Murphy: (Murphy) Without the second clause this is an entirely different recommendation!





· The EPA should assess connectivity in terms of downstream effects, not just in terms of based upon the frequency, magnitude, or and duration of connections.	Comment by Murphy: (Murphy)





· The Report should emphasize that while that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales, such connections may not be relevant if they do not have important effects on downstream water quality. As a result, the Report should access connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 	Comment by Josselyn: (Josselyn) I suggest this to replace the two bullets above..








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013).. The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  In particular, extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts.	Comment by Fausch: (Fausch) Additional text.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways and to describe to the degree possible how connectivity may have been reduced or eliminated by such human disturbances.


[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Duncan: (Patten) for example????  years, decades, centuries... etc. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands (ASTM, 1996; Kolm, et. al, 1996), and can be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the fourfive pathways by which non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 





· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that, as has been done for prior conclusions, the authors remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a	Comment by Johnson: (Johnson) I think we can delete this, and include comments only on the key findings that require changes.





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of these man made wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity can occur between [non-floodplain] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”	Comment by Duncan: (Patten) this statement ultimately connects most wetlands and rivers regardless of proximity or any close geographic locations. 





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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From: Armitage, Thomas
To: dallan@umich.edu
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Assignment from the SAB Connectivity Panel teleconferences
Date: Friday, May 09, 2014 1:35:00 PM


Hi Dave,
 
My notes from the Connectivity Panel teleconferences last week indicate that you would provide
 some additional references addressing the spatial and temporal scale of connectivity for the three
 water body types.  These references could be included in Section 3.2 (the conceptual model
 question).
 


Please send me any additional references by May 19th so they can be included in the next draft of


 the report which will be discussed on the June 19th teleconference.  Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 
 
 
h
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From: Armitage, Thomas
To: jwharvey@usgs.gov
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Assignment from the SAB Connectivity Panel teleconferences
Date: Friday, May 09, 2014 1:37:00 PM


Hi Jud,
 
My notes from the Connectivity Panel teleconferences last week indicate that you would provide
 some additional references addressing the spatial and temporal scale of connectivity.  I note that
 you sent the following two references to be included in the revised draft of Section 3.3.  If you wish


 to provide any additional references, please send them to me by May 19th.  Thanks very much.
 
Tom Armitage
 
Levick, L.R. and others (2008) The Ecological and Hydrological 
Significance of Ephemeral and 
Intermittent Streams in the Arid and 
Semi-arid American Southwest , EPA/600/R-08/134 ARS/233046, 
November 2008
 
 
McDonough, O.T., Hosen, J.D., and M.A. Palmer (2011) The hydrology, geography,
and ecology of non-perennially flowing waters, in “River Ecosystems: Dynamics,
Management and Conservation, Elliot, H.S., and Martin, L.E. (Eds.), NOVA Science
Publishers, ISBN: 978-1-61209-145-7, 2011.
 
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Yeow, Aaron
To: Armitage, Thomas; Goodman, Iris
Cc: Carpenter, Thomas
Subject: Attendance on call
Date: Monday, April 28, 2014 1:54:24 PM


Tom, Iris,
 
Just FYI, on your speaker line, you have 43 people. On your listen only line, you have 35 people. I’ll
 show you tomorrow how to see who was on the webcast.
 
-Aaron
 
Aaron Yeow, M.P.H.
Designated Federal Officer
U.S. Environmental Protection Agency
Science Advisory Board
202-564-2050 (P)
202-565-2098 (F)
 
Mailing Address:
USEPA, 1200 Pennsylvania Avenue, NW, (1400R), Washington, DC 20460
 
Physical Location/Deliveries:
1300 Pennsylvania Avenue, NW, Suite 31150, Washington, DC 20004
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From: McManus, Michael
To: Armitage, Thomas
Subject: Automatic reply: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May 2nd
Date: Tuesday, April 29, 2014 8:48:45 PM


I am out of the office beginning Tuesday, April 29th through Friday, May 2nd attending the National
 Monitoring Conference. I will reply to your email when I return to the office.


Regards,
Mike
Michael McManus
U.S. Environmental Protection Agency
Office of Research and Development
National Center for Environmental Assessment
26 W. Martin Luther King Drive
Cincinnati OH 45268
Tel: 513.579.7994
Mobile: 513.376.3380
NCEA Office: 513.569.7531
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From: Armitage, Thomas
To: hassy@cox.net
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Availability for a phone call with Mark Rains
Date: Monday, May 05, 2014 1:02:00 PM


Hi Mark,
 
On the Connectivity Panel teleconferences last week, Mark Rains indicated that he would provide
 some additional  text  on spatial and temporal scale for the response to charge question 2 on the
 conceptual model .  My notes indicate that you will provide some material to Mark Rains for this
 and that you will include concepts (with references) from the literature on disturbance ecology.
 
Mark Rains asked me to set up a call so he can talk with you about how to most efficiently
 incorporate your material into the report.  He indicates that he is available any day this week and
 next week (except today) from 8 am – 3 pm and 4 – 6 pm (Eastern Time).  Please let me know when
 you are available this week and next and I will schedule a call.   Thanks.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Armitage, Thomas
Bcc: Lowenthal, Mitchell; "John M."; "Greg Phillips"; Perrin, Rebecca; "Richard S. Davis"; Stokely, Peter
Subject: Call-in number for SAB Connectivity Panel teleconference on May 2nd
Date: Wednesday, April 30, 2014 2:58:00 PM


Per your request, the call-in number to listen to teleconferences of the Science Advisory Board Panel
 for the Review of the EPA Water Body Connectivity Report on May 2nd is 1-866-299-3188.  After
 dialing the call-in number, please enter the following conference code at the prompt: 2023439946#
 . 
 
Please note that this call-in number is for listening only. 
 
The audio to listen to these teleconferences will also be streamed live through the internet. The link
 to listen to the teleconferences on the internet is provided on the SAB website at the following URL.
 The meeting materials for the teleconference are also available at the following URL.
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/338DEF2F7262A7F485257C7C0060851D?
OpenDocument
 
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 








From:  on behalf of Mazeika Sullivan
To: Armitage, Thomas
Cc: Amanda Rodewald; Goodman, Iris; Siobhan Fennessy
Subject: Charge Question #4 edits - update
Date: Friday, May 16, 2014 12:06:13 PM
Attachments: Predictability_v2.docx


Hi Tom - 


Siobhan and I spoke by phone this morning. If we get our responses to you by Wed evening,
 would that is acceptable? That would give us sufficient time to coordinate 4a and 4b edits.  


In the meantime, Amanda, I've attached a paragraph and citations related to predictability.  I'll
 include this with my full responses next week as well, but understand that you may be
 working on text about metrics of connectivity this weekend. As I mentioned in a previous
 email, in readings and discussions with Siobhan, there are other metrics that we have also not
 fully considered as a panel that might be important to include (e.g., timing, rate of change).


Best,
Mazeika
---------------------------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan
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In addition to continuous scales of frequency, magnitude, and duration, the predictability of connectivity and its downstream effects could also be a valuable metric used to express relative degrees of biological, chemical, and physical connectivity (e.g., Poff and Ward 1989, Poff et al. 2006). Although there are limits to the intrinsic predictability of ecosystems, both temporal and spatial predictability (or lack thereof) exist to varying degrees. For example, sequential and predictable seasonal flooding and drying events over an annual cycle are formative processes of physical, chemical, and biological characteristics of streams in Mediterranean biomes (including parts of western North America) (Gasith and Resh 1999). Large waterfowl migrations, which can move nutrients, plants (seeds), and invertebrates between wetlands and downstream waters across ranges of lateral and spatial connectivity (e.g., Figuerola et al. 2003, Green et al. 2008), also occur with seasonal predictability (Gwinner 1996). Thus, some mechanisms of connectivity are predictable (e.g., migration of anadromous fish and waterfowl, spring flood pulses and late summer low flows, seasonal peaks of aquatic insect emergence, etc.) whereas others are less so (flood events from storms, short-term and/or stochastic movement of organisms, nutrient spiraling dynamics). A predictability axis could be folded into the current “gradient of connectivity” framework proposed by the SAB, which could have particular relevance to the temporal component of connectivity (e.g., flood forecasting, flood frequency-inundation science” regarding findings of waters and wetlands in riparian/floodplain settings (3.6.2). 


[bookmark: _ENREF_3]


Figuerola, J., A. J. Green, and L. Santamaria. 2003. Passive internal transport of aquatic organisms by waterfowl in Doñana, south-west Spain. Global Ecology and Biogeography 12:427-436.


[bookmark: _ENREF_5]Gasith, A., and V.H. Resh. 1999. Streams in Mediteranean climate regions: abiotic influence sna biotic responses to predictable seasonal events. Annual Review of Ecology and Systematics 30:51-81. 


Green, A. J., K. M. Jenkins, D. Bell, P. J. Morris, and R. T. Kingsford. 2008. The potential role of waterbirds in dispersing invertebrates and plants in arid Australia. Freshwater Biology 53:380-392.


Gwinner, E. 1996. Circadian and circannual programmes in avian migration. Journal of Experimental Biology 199:39-48.


Poff, N.L., B.P. Bledsoe, and C.O. Cuhaciyan. 2006. Hydrologic variation with land use across the contiguous United States: geomorphic and ecological consequences for stream ecosystems. Geomorphology 79: 264-285.


Poff, N.L., and J.V. Ward. 1989. Implications of streamflow variability and predictability for lotic community structure, a regional analysis of streamflow patterns. Canadian Journal of Fisheries and Aquatic Sciences 46: 1805–1818.
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From:  on behalf of Mazeika Sullivan
To: Armitage, Thomas
Cc: Amanda Rodewald; Goodman, Iris; Siobhan Fennessy
Subject: Charge Question #4 edits - update
Date: Friday, May 16, 2014 12:06:13 PM
Attachments: Predictability_v2.docx


Hi Tom - 


Siobhan and I spoke by phone this morning. If we get our responses to you by Wed evening,
 would that is acceptable? That would give us sufficient time to coordinate 4a and 4b edits.  


In the meantime, Amanda, I've attached a paragraph and citations related to predictability.  I'll
 include this with my full responses next week as well, but understand that you may be
 working on text about metrics of connectivity this weekend. As I mentioned in a previous
 email, in readings and discussions with Siobhan, there are other metrics that we have also not
 fully considered as a panel that might be important to include (e.g., timing, rate of change).


Best,
Mazeika
---------------------------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan
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In addition to continuous scales of frequency, magnitude, and duration, the predictability of connectivity and its downstream effects could also be a valuable metric used to express relative degrees of biological, chemical, and physical connectivity (e.g., Poff and Ward 1989, Poff et al. 2006). Although there are limits to the intrinsic predictability of ecosystems, both temporal and spatial predictability (or lack thereof) exist to varying degrees. For example, sequential and predictable seasonal flooding and drying events over an annual cycle are formative processes of physical, chemical, and biological characteristics of streams in Mediterranean biomes (including parts of western North America) (Gasith and Resh 1999). Large waterfowl migrations, which can move nutrients, plants (seeds), and invertebrates between wetlands and downstream waters across ranges of lateral and spatial connectivity (e.g., Figuerola et al. 2003, Green et al. 2008), also occur with seasonal predictability (Gwinner 1996). Thus, some mechanisms of connectivity are predictable (e.g., migration of anadromous fish and waterfowl, spring flood pulses and late summer low flows, seasonal peaks of aquatic insect emergence, etc.) whereas others are less so (flood events from storms, short-term and/or stochastic movement of organisms, nutrient spiraling dynamics). A predictability axis could be folded into the current “gradient of connectivity” framework proposed by the SAB, which could have particular relevance to the temporal component of connectivity (e.g., flood forecasting, flood frequency-inundation science” regarding findings of waters and wetlands in riparian/floodplain settings (3.6.2). 
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Figuerola, J., A. J. Green, and L. Santamaria. 2003. Passive internal transport of aquatic organisms by waterfowl in Doñana, south-west Spain. Global Ecology and Biogeography 12:427-436.


[bookmark: _ENREF_5]Gasith, A., and V.H. Resh. 1999. Streams in Mediteranean climate regions: abiotic influence sna biotic responses to predictable seasonal events. Annual Review of Ecology and Systematics 30:51-81. 


Green, A. J., K. M. Jenkins, D. Bell, P. J. Morris, and R. T. Kingsford. 2008. The potential role of waterbirds in dispersing invertebrates and plants in arid Australia. Freshwater Biology 53:380-392.


Gwinner, E. 1996. Circadian and circannual programmes in avian migration. Journal of Experimental Biology 199:39-48.


Poff, N.L., B.P. Bledsoe, and C.O. Cuhaciyan. 2006. Hydrologic variation with land use across the contiguous United States: geomorphic and ecological consequences for stream ecosystems. Geomorphology 79: 264-285.


Poff, N.L., and J.V. Ward. 1989. Implications of streamflow variability and predictability for lotic community structure, a regional analysis of streamflow patterns. Canadian Journal of Fisheries and Aquatic Sciences 46: 1805–1818.
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From: Armitage, Thomas
To: adr79@cornell.edu
Cc: mrains@usf.edu; Goodman, Iris
Subject: Citations for the figures in Section 3.2 of the Connectivity Panel"s Report
Date: Tuesday, May 20, 2014 5:31:00 PM
Attachments: SAB Connectivity Panel Draft Report_4_23_14 (markup)_Almost Final.docx


New References _Almost Final.docx


Hi Amanda,


I have the following citations for the two figures you provided for the Connectivity Panel report. I will include both
 citations and the correct figure numbering. 


Figure 3.2.1.  Source: U.S. Global Change Research Program. 2001. A Plan for a New Science Initiative on the
 Global Water Cycle, Chapter 3, Predictability of Variations In Global and Regional Water Cycles. A report to the
 USGCRP from the Water Cycle Study Group, 2001.  (Figure Adapted from Bloschi and Sivalapan, 1995)


Figure 3.2.2. Source: Linton, T.M.  2011. Early warning of climate tipping points. Nature Climate Change 1:201–
209, doi:10.1038/nclimate1143 Published online 19 June 2011.


Tom
  
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu]
Sent: Monday, May 19, 2014 1:06 PM
To: Judy Meyer; Amanda Rodewald (adr79@cornell.edu)
Cc: Kenneth Kolm; Latif Kalin; Armitage, Thomas; Goodman, Iris
Subject: (Almost) Final


See attached. This is almost final. Judy and Amanda -- You each have a few action items.


Judy -- Please see the comment by Amanda, who is asking for some references in a paragraph you wrote on
 biological connectivity. Would you please put them into the text and the new references, and then send the revised
 versions directly to Amanda, Tom, and Iris, cc'ing the rest of us?


Amanda -- Please see my comments regarding a citation for a figure and figure numbering.


There are a couple of comments that I think need additional discussion. I've those comments in the margins, with my
 responses. If they need to be deleted before the publication of the next draft, then let me know and I'll make sure
 that I keep them in hand for our next discussion.
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This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strengthfrequency, duration, and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, , and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams,  and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, connections through groundwater systems, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. 	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies reflecting the whole gradient of connectivity that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on material flows generated by fauna, particularly avian fauna.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strengthfrequency, duration, and magnitude, and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that the Report summarizes studies encompassing the whole gradient of connectivity. studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for Unidirectional Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and “geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birds is important as they spatially integrate these wetlands through their movements. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) a wishy washy statement.... too all inclusive which brings us back to the concept of  "sufficiently long time scale".... what does that mean or imply? 





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc385943123]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There should  be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on the physical, chemical, and biological integrity of downstream waters. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB finds that the literature review in Chapter 3 of the Report is technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, the conceptual framework needs to be revised and clearly articulated at the beginning of the Chapter. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 





3.2.1.	Defining Connectivity and Isolation





Because connectivity and isolation can be defined in many ways, the Report needs to define and concisely discuss what is meant by both “connectivity” and “isolation” at the beginning of Chapter 3. Currently, only connectivity is defined, and it is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





The definition of connectivity used in the Report seems to follow that of Pringle (2001; 2003), i.e., the transfer of matter, energy, and/or organisms within or between elements of the landscape. The Report should state that connectivity is a scalable quantity ranging continuously from fully connected to completely isolated, rather than a binary condition of connected or isolated. This could be expressed in a simple conceptual figure here, then again as more specific figures in each chapter on each water and wetland type covered in the Report. (See, for example, Figure 1 in Section 3.7.3 of this report for an example developed for waters and wetlands in non-riparian/non-floodplain settings.) 	Comment by Mark Rains: Is this still the case?





Defining connectivity in this manner creates a problem with the related definition of isolation. If connectivity really is the transfer of matter, energy, and/or organisms within or between elements of the landscape, and connectivity really is a scalable quantity ranging from fully connected to fully isolated, then one might infer that true isolation doesn't occur until there is absolutely no transfer of matter, energy, and/or organisms within or between elements of the landscape. This condition might be so rare as to be negligible, rendering the term isolation almost useless.





The definition of connectivity and isolation might be improved by connecting to the literature on disturbance ecology (see Stanley et al. 2010 and references therein). In that literature, a disturbance is seen as a discrete event that disrupts ecosystem structure and function, substantively changing the physical, chemical, and/or biological environment. Such disturbances are commonly viewed through a filter of the biological consequences – does the disturbance event matter to biota? However, such disturbances are nevertheless commonly quantified in terms of physical measures of the disturbance itself (e.g., frequency, magnitude, duration) rather than in terms of the biological response to the disturbance to facilitate objective comparisons among events. Predictability is often made part of this definition, with the stipulation that disturbances must be outside of some normal range to which biota are typically adapted (e.g., Resch et al. 1988; Poff 1992). By adding these details, connectivity and isolation could be conceptually viewed along a continuum ranging from fully connected to completely isolated, with a transition somewhere in between that varies case-by-case and is defined by whether or not a perturbation is outside the normal range and relevant to the biota.





Recommendations





· Connectivity and isolation should be defined and discussed at the beginning of Chapter 3 of the Report.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





· The definition of connectivity and isolation could be improved by connecting to literature on disturbance ecology.





3.2.2.	Measuring or Otherwise Quantifying Connectivity





The Report should discuss approaches to measuring or otherwise quantifying connectivity. Such approaches should recognize that connectivity is, in part, determined by the extent to which the consequences from impacts on one water body will affect chemical, physical, and/or biological integrity of downgradient waters.  In addition, multiple dimensions of connectivity should be described, notably, as sources and mechanisms of transport and transformation (i.e., fluxes of water, material, biota) and associated ecological functions (e.g., lag, refuge, and transformation) which are made manifest along multiple flowpaths (e.g., via surface water, the hyporheic zone, and groundwater).  Such approaches also should note that these dimensions should be assessed at spatial and temporal scales that permit evaluation of the cumulative effects of connectivity over time and the aggregate effects of connectivity over space.  Therefore, the Report should consider expanding the brief overview of approaches to measuring connectivity that is provided on pages 6-6 and 6-7 of the Report.  This expansion would be most useful if it provided examples of the various dimensions of connectivity that are most appropriately quantified, ways to construct connectivity metrics (e.g., retrospective or prospective analyses, model simulations, spatial analyses), and the most needed methodological and technical advances. 





Insights from hydrologic systems.  Future efforts to quantify connectivity can be informed by the wide variety of conceptual models and quantitative tools that have been developed to evaluate the connectivity of both surface and subsurface hydrological systems in different settings, including non-floodplain wetlands.  The standard approach involves first characterizing the surface and subsurface elements of landscapes.  Important elements include climate, geology, and relief, and the amount, distribution and types of waters and wetlands.  These elements can then be integrated to create a flowpath network that describes connectivity (ASTM 1996; Kolm et al. 1996; Heath 1983; Winter et al. 1998).  This approach has been extended to biological connectivity and HGM wetland classifications (e.g., Kolm et al. 1998).   Of course, the approach to quantifying hydrologic connectivity is not identical across systems, and careful attention must be given to identifying the most appropriate techniques (Healy et al. 2007) and metrics (Ali and Roy 2010). 





Other examples can be found in the literature related to water quantity and quality modeling (Appel and Reilly, 1994; Sun et al. 1997; Cunningham and Schalk 2011; Parkhurst et al. 2010; Harbaugh 2005), and integrated surface water ground water modeling (Markstrom et al. 2008; Ely and Kahle 2012; Huntington and Niswonger 2012; Woolfenden and Nishikawa 2014), sediment transport modeling (McDonald et al. 2005; Nelson et al. 2003), and watershed and biological/habitat/landscape modeling (Kinzel et al. 2005; Hunt et al. 2013).  Other fields also have developed approaches to quantify linkages due to groundwater movement and storage (Heath 1983), including effects of “flood pulses” (Kolm et al. 1998).  Likewise, the role of chemical movement and storage to groundwater systems in floodplains has been quantified by flow and transport modeling (Winter et al. 1998, Markstrom et al. 2008; Woolfenden and Nishikawa 2014) as well as with steady-state and transient analyses that simulate temporal changes (Appel and Reilly 1994; Winter et al. 1998; Harbaugh 2005; Conaway and Moran 2004; McDonald et al. 2005; Nelson et al. 2003; Markstrom et al. 2008; Huntington and Niswonger 2012). 





A growing number of studies are using graph-theory based indices of connectivity to better understand aquatic systems.  For example, the Integral Index of Connectivity was successfully used by Van Looy et al. (2013) to quantify connectivity and habitat availability in a dendritic river network across varying spatial scales.   Wainwright et al. (2011) demonstrated how of responses of river systems to vegetation removal, runoff, and erosion were better predicted by measures of structural and functional connectivity.  Recent advances have allowed for better integration of hydrological and ecological connectivity using the Directional Connectivity Index and connectivity-orientation curves, which effectively quantified physical-biological feedbacks in the Everglades (Larsen et al. 2012).  Malvadkar et al. (2014) recently examined numerous metrics drawn from graph theory, including Betweenness Centrality, Integral Index of Connectivity, Coincidence Probability, Eigenvector Centrality, Probability of Connectivity, and Influx Potential.  





Insights from disturbance ecology.  In many respects connectivity can be described using concepts borrowed from disturbance ecology – frequency, magnitude, timing, duration, rate of change, and predictability (e.g., Resch et al. 1988; Poff 1992; Poff et al 1997).  Frequency is inversely related to magnitude, and describes how often a flow exceeding a particular magnitude recurs over a specified time period.  Magnitude is the rate of flow moving past a fixed location.  Duration is the time period associated with a specific condition, either in terms of a specific flow event (e.g., number of days inundated by a specific flood event) or over a time period (e.g., number of days inundated in a year).


The temporal and spatial predictability of connectivity should be an especially important attribute to quantify when assessing potential for downgradient effects in systems without permanent or continuous flowpaths (e.g., Poff and Ward 1989; Lytle and Poff 2004; Poff et al. 2006). Predictability refers to the regularity at which certain flows occur.  Some mechanisms of connectivity are predictable (e.g., migration of anadromous fish and waterfowl, spring flood pulses and late summer low flows, seasonal peaks of aquatic insect emergence), whereas others are less so (e.g., flood events from storms, short-term and/or stochastic movement of organisms, nutrient spiraling dynamics). Predictable events can profoundly shape systems.  For example, sequential and predictable seasonal flooding and drying events over an annual cycle are formative processes of physical, chemical, and biological attributes of streams in Mediterranean biomes, including parts of the western US (Gasith and Resh 1999). Large seasonal waterfowl migrations can move nutrients, plants (seeds), and invertebrates between wetlands and downgradient waters (e.g., Figuerola et al. 2003; Green et al. 2008). A predictability axis could be folded into the current “gradient of connectivity” framework proposed by the SAB. 





Recommendation





· The Report should discuss approaches to measuring or otherwise quantifying connectivity. The the Report could do so by expanding the brief overview of approaches to measuring connectivity that is provided on pages 6-6 and 6-7 of the Report.  





· Approaches to measuring or otherwise quantifying connectivity should be drawn from both the hydrological and disturbance ecology literature.





3.2.3.	Defining the Scope of the Report





The SAB finds that the scope of the Report, with respect to the types of waters and wetlands covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various waters and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of waters and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the water and wetland definition of Cowardin et al. (1979), and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership. [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining the types of wetlands and water bodies covered.





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as waters and wetlands under the Clean Water Act  (see discussion in Section 3.5.2 of this report). 	Comment by Rains, Mark: Is this still the case?





· The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





3.2.4.	Revising and Defining the Terminology Used in the Report





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams,waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that these terms be changed to terms from a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the Report. One possibility is that bidirectional wetlands could be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands could be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms will be used throughout this report.





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands”. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection (e.g., frequency, magnitude, timing, duration) and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Rains, Mark: We wrote this because we thought that the SAB had reached this consensus. We have two comments, immediately above, one supportive, one not so much. I think we should discuss this further. 





EPA should consider defining and adding the term ‘interrupted stream to its discussion of stream categories (e.g., Meinzer 1923; Hall and Steidl 2007). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) can also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact when connection is reestablished. Although EPA may consider such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies functional isolation and does not directly map onto the organizational terminology in the Report, which explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. Therefore, the SAB recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” does not imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report.





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.





3.2.5.	Use of a Flowpath Framework





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, relief, and biology and are expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently four-dimensional (i.e., longitudinal, lateral, vertical, and through time). 





[bookmark: _GoBack]The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries (McDonnell 2013). Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling transitioning to increasingly open spiraling from the headwaters to the outlet (Newbold et al. 1981). However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another (Helfield and Naiman 2001). Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries (Skagen et al. 2008). Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). 





Some editorial or technical corrections are needed in the Report and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by Horton (1945). 





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by Dunne and Black (1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further explain how areas contributing runoff expand and contract, changing the way that landscapes connect through storms and seasons (Dunne and Black 1970). The expansion of runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally change the extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). This type of variability suggests that connectivity should be discussed within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings; however, the lines delineating these landscape categories are conceptual and there is no scientific consensus on separating the categories.





The Report as written tends to focus on the site and subregional scales, perhaps due to cost, comfort zone of knowledge base particularly by discipline, and access to data and model results. This tends to either ignore or at least downplay the potential significance of regional-scale hydrologic connecticvity, especially as it relates to groundwater. This is a problem because regional groundwater flows commonly interact with the surface environment at sinks and springs. For example, the Floridan aquifer underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina and commonly interacts with the surface environment through sinks, springs, and outcrops (see Sun et al. 1997 and references therein). To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996; Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program (Sun et al. 1997). 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among these habitats throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely. Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Rains, Mark: Judy – Please help with citations suggested in the previous comment.





Recommendations





· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), relief, and biology on flow and transport (e.g., hydrological, chemical, and biological connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.





· Biological connectivity should be better defined in the Report, described in the context of connectivity between waters and wetlands and downgradient waters and shown to be critical to the biological integrity of these connected waters.


 


3.2.6.	Layers of Complexity in the Conceptual Framework





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhanced by connectivity while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the Report and explicitly made in the section on unidirectional wetlands. Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 





Spatial and Temporal Scales





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. However, spatial and temporal scales vary by flowpath type and flowpath characteristics (Figure 3.2-1). A figure like this focused on the spatial and temporal scale of connectivity should be included in the Report, with a particular focus on the differences in the spatial and temporal scales of surface-water and groundwater connectivity as it relates to the chemical, physical, and biological integrity of downgradient waters.	Comment by Mark Rains: Amanda – This is a temporary figure number.





[image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/smallpics/Fig.3.1.jpg]


Figure 3.2-1. Relative spatial and temporal scale of hydrologic connectivity and interaction (adapted from Bloschl and Sivapalan1995).	Comment by Mark Rains: Amanda – This is a temporary figure number.





The Report should clearly state that low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are essential, long-lived, and/or cumulative. Low-frequency, high-magnitude flows connect channels to the furthest reaches of the floodplains (Poff et al. 1997), controlling species composition and abundance in forests (Darst and Light 2008) and transporting large clasts and/or woody debris that otherwise cannot be transported by more-frequent, lower-magnitude flows (Wolman and Miller 1957). Long-lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be important mechanisms that connect headwaters to rivers, serving as important sources of sediment to downgradient waters (Benda et al. 2005). Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure and function of downgradient waters over the scale of decades (Leibowitz et al 2008). Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (Izbicki 2007). 





The SAB recommends that the Report compare and contrast the temporal scale of connectivity in the East and the Southwest. In the East, precipitation is weakly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to moderate-frequency rainfall events; in the Southwest, precipitation is strongly seasonal and the weighted-average flux of materials, energy, and/or water-borne organisms is therefore likely greatest in response to low-frequency rainfall events. The latter are no less important to the integrity of the downgradient waters, even though their frequency and duration may be negligible. Therefore, the importance of the connectivity is not just a function of the frequency or duration of the connection but, rather, the relative magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of relative likelihood × relative consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands (Figure 3.2-2). This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Mark Rains: Amanda – This is a temporary figure number.





[image: http://www.nature.com/nclimate/journal/v1/n4/images_article/nclimate1143-f5.jpg]


Figure 3.2-2. Relative likelihood × relative impact of global-scale phenomena (CITATION NEEDED).	Comment by Mark Rains: Amanda – This is a temporary figure number.	Comment by Mark Rains: Amanda – Please add the citation here and in the References.





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?	Comment by Mark Rains: We wrote this because we thought that the SAB had reached this consensus. We have two comments, immediately above, one supportive, one not so much. I think we should discuss this further.





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity, such as dams (Ward and Stanford 1983) and groundwater pumping that lowers local water tables and causes surface-water connections to cease (Haag and Pfeiffer 2012); some can directly increase connectivity, such as ditches (Min et al. 2010) and tile drains (Randall et al. 1997); and some can indirectly change the frequency, magnitude, timing, duration, and/or rate of change of connectivity,  such as impervious surfaces in the contributing watershed (Walsh et al. 2012). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point





Forcings and Regionalization





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for regions with unique conditions such as the permafrost regions of Alaska. This problem has been identified by a number of public commenters. The EPA therefore should consider expressing forcings in terms of Hydrologic-Landscape Regions (HLRs; Wolock et al. 2004), or an equivalent system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the materials, energy, and organisms that flow by surface-water and/or groundwater flowpaths from numerous waters and wetlands. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligible, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless be important. For example, the degradation of a single small, headwater stream might have a negligible effect on downgradient water quality, but the aggregate or cumulative effect of the degradation of all small, headwater streams would have a large effect on downgradient water quality (Alexander et al. 2007).





Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Studies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate water and wetland maps; this illustrates how new technologies may influence the scientific understanding of connectivity. 





It is critical that readers of the Report understand that many existing databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) found 0.8 km of stream channel on a 1:500,000 scale map and 56 km of stream channel on a 1:7200 scale map in a North Carolina watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) hydrological, chemical, and biological connections between small and large streams is increasing rapidly. Mapping scale also applies to wetlands in on-riparian/non-floodplain settings. Frohn et al. (2009), Frohn et al. (2012), Lane et al. (2012), and Martin et al. (2012) all tried to map geographically isolated wetlands, i.e., wetlands surrounded by uplands, but found that currently available spatial data were inadequate for the task, in large part due to the limitations of the scale and/or accuracy of the maps used to determine whether or not a wetland was surrounded by upland. Hence, the degree of connectivity will be determined in some part by in the database and/or data collection technology used for the analysis.





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.





3.2.7.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:4] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [4:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands”. The SAB finds that the focus on hydrologic connections in Section 5.4 and elsewhere does not account for important biological exchanges, not transported stream flow, that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, shallow ground water, deep ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994), especially those that address material flows generated by avian fauna, be added to the Report. Findings from additional literature on theEvidence from the literature on biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are is overwhelming and is particularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Duncan: (Patten) I think this is stretching connectivity... this could connect almost any location. 	Comment by Johnson: (Johnson) Insert references provided by Rob Brooks here





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) this worries me... 





· The literature review should analyze the scientific literature to specifically address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. Geographic differences, especially as it relates to precipitation, should be analyzed. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian/floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 





Similarly the SAB recommends that Figure 1, shown below, be used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). 	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?











Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:5]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms. 	Comment by Kolm: (Kolm) Not accurate for all case histories: Terminal salt lakes and playas may also have strong hydrologic connections like we see in Nevada and Death Valley, CA. Recommend deliting the sentence or modifying it to include both end members.

General comment: Each of the case histories presented could use a cross-sectional diagram illustrating the hydrology and connectivity of the features and region. It is difficult for most readers to visualize these descriptions of structure and function. [5:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible based on the scientific literature and provide specific statements on where the literature is lacking or incomplete. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude, short duration floods may infrequently connect non-riparian/non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Sullivan: (Sullivan) It seems like a predictability framework could also vbe helpful in understanding the degree of connectivityoutlined here (e.g., waterfowl migration moves nutrients at high magnitudes at relatively predictable intervals).	Comment by Benda: (Benda) Although mentioned previously in these comments, the issue that all waters are connected over sufficiently long time scales is highlighted again using the scale “thousands of years”. How many thousands of years? 1, 10, 100, 1000?  If the SAB wants to encourage EPA to consider hydrologic-habitat connectivity at these extended time scales, perhaps it should provide some guidance on how to determine the strength of those connections, in the context of policy making which is the ultimate use of the EPA Connectivity Report. The issue of expanded time scales comes up in other areas of the SAB review including under “Recommendations” (Pg. 50, lines 6-7).
	Comment by Allan: (Allan) I feel this seemingly side-steps the issue of degree of connectivity and the gradient comcept.	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 	Comment by Duncan: (Patten) we have this recommendation earlier but does this weaken the connectivity argument as it can be interpreted as geological time (e.g., millennia). 	Comment by Allan: (Allan) Although this statement acknowledges variation in magnitude of connectivity, I think the SAB review should direct the EPA Report towards greater specificity, rather than towards very general statements that provide little guidance on the degree of connectivity. Might this be an opportunity to suggest that, while all systems are connected, the strength of connectivity is affected by many variables and is best decided on a case-by-case basis?





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are likely to be connected to downstream water (in various magnitudes) over sufficiently long time scales., yet the effects of these connections vary widely in magnitude across wetlands.	Comment by Murphy: (Murphy) Without the second clause this is an entirely different recommendation!





· The EPA should assess connectivity in terms of downstream effects, not just in terms of based upon the frequency, magnitude, or and duration of connections.	Comment by Murphy: (Murphy)





· The Report should emphasize that while that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales, such connections may not be relevant if they do not have important effects on downstream water quality. As a result, the Report should access connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 	Comment by Josselyn: (Josselyn) I suggest this to replace the two bullets above..








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013).. The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  In particular, extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts.	Comment by Fausch: (Fausch) Additional text.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways and to describe to the degree possible how connectivity may have been reduced or eliminated by such human disturbances.


[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Duncan: (Patten) for example????  years, decades, centuries... etc. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands (ASTM, 1996; Kolm, et. al, 1996), and can be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the fourfive pathways by which non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 





· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that, as has been done for prior conclusions, the authors remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a	Comment by Johnson: (Johnson) I think we can delete this, and include comments only on the key findings that require changes.





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of these man made wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity can occur between [non-floodplain] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”	Comment by Duncan: (Patten) this statement ultimately connects most wetlands and rivers regardless of proximity or any close geographic locations. 





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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From: Kaufer, Ilan
To: Armitage, Thomas
Subject: Conference Call number
Date: Monday, April 28, 2014 12:57:44 PM


Hi,
Is it still possible to get the teleconference access number for today’s call?
Thank you.
Ilan Kaufer
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From: Frithsen, Jeff
To: Armitage, Thomas; Alexander, Laurie
Subject: Connectivity CAll: That beep was me calling back in - I was off for a few minutes
Date: Friday, May 02, 2014 2:34:21 PM


 
 
Jeffrey B. Frithsen, Ph.D.
National Center for Environmental Assessment
Office of Research and Development
U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, SW (8623-P)
Washington, DC 20460
703-347-8623 (office phone), 410-336-8535 (cell phone)
 
Physical Office Address/Overnight Deliveries
Two Potomac Yard (North Building), Room N-7741
2733 South Crystal Drive, Arlington, VA 22202
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From: Frithsen, Jeff
To: Armitage, Thomas
Cc: Alexander, Laurie
Subject: Connectivity Report
Date: Friday, May 02, 2014 4:44:47 PM


Nice job Tom.    You have a great weekend.
 
Jeff
 
 
Jeffrey B. Frithsen, Ph.D.
National Center for Environmental Assessment
Office of Research and Development
U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, SW (8623-P)
Washington, DC 20460
703-347-8623 (office phone), 410-336-8535 (cell phone)
 
Physical Office Address/Overnight Deliveries
Two Potomac Yard (North Building), Room N-7741
2733 South Crystal Drive, Arlington, VA 22202
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From: List, Steve
To: Armitage, Thomas
Subject: Connectivity SAB call
Date: Monday, April 28, 2014 3:49:26 PM
Attachments: image001.png
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Tom, the audio portion in Listen only mode has quit working. Thanks


Steve List| Director, Environmental Programs
NewPage Corporation | P.O. Box 8050, 111 West Jackson| Wisconsin Rapids, WI 54495-8050
steve.list@newpagecorp.com| T: 715-422-3693 | F: 715-422-4456| M: 715-213-0780


There are 12 million more acres of forest in the U.S. today than 20 years ago. 
Paper is a renewable and recyclable resource—feel free to use and recycle it.


This electronic message contains information from NewPage Corporation or subsidiary
 companies, which may be confidential, privileged or otherwise protected from disclosure. The
 information is intended to be used solely by the recipient(s) named. If you are not an intended
 recipient, be aware that any review, disclosure, copying, distribution or use of this
 transmission or its contents is prohibited. If you have received this transmission in error,
 please notify NewPage immediately at postmaster@newpagecorp.com. ­­
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From: Greg Phillips
To: Armitage, Thomas
Subject: Connectivity of Streams and Wetlands
Date: Wednesday, April 30, 2014 11:08:07 AM


I am interested in information on the EPA teleconference for Connectivity of Streams and
 Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence on May 2,
 2014.
 
Thanks!
 
Greg Phillips
Senior Scientist
GBMc & Associates
219 Brown Lane, Bryant, AR 72022
Ph: 501-847-7077
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From: Stokely, Peter
To: Armitage, Thomas
Subject: Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence
Date: Wednesday, April 30, 2014 2:36:19 PM


Thomas, I would like to be part of the call or webinar if possible. I work on CWA jurisdictional issues
 for OCEA in DC.
 


Let me know what I need to do to attend the May 2nd meeting.
 
Thank you,
 
Pete
 
Peter Stokely
EPA Office of Civil Enforcement
1200 Pennsylvania Ave, NW
Washington, DC 20460
Room 4110
William Jefferson Clinton Federal Building South (WJC South)
Mail Code 2243A
202-564-1841
 
CONFIDENTIAL: This transmission may contain deliberative, attorney-client, attorney work product or otherwise
 privileged material. Do not release under FOIA without appropriate review. If this message was sent to you in error
 you are instructed to delete it from your computer including all media storage devices and hard copy outputs.
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From: Armitage, Thomas
To: mrains@usf.edu; hassy@cox.net
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Date and time of call to discuss the material for SAB Panel report
Date: Monday, May 05, 2014 6:09:00 PM


Hi  Mark Rains and Mark Murphy,
 


I have scheduled a call  on Tuesday, May 13th from 1 – 2 pm (Eastern Time) for you to talk about
 the additional text  for Section 3.2 of the SAB Connectivity Panel’s report.
 
The call-in number is 1-866-299-3188, conference code 2023439995# .
 
My notes indicate Mark Rains will develop some additional  text  on spatial and temporal scale for
 the response to charge question 2 .  Mark Murphy will provide material for this and will include
 concepts (with references) from the literature on disturbance ecology.
 
Thanks very much,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris
Bcc: aaldous@tnc.org; Genevieve.Ali@ad.umanitoba.ca; dallan@umich.edu; leebenda@earthsystems.net;


 emily.bernhardt@duke.edu; rpb2@psu.edu; kurtf@warnercnr.colostate.edu; fennessym@kenyon.edu;
 mgooseff@engr.colostate.edu; jwharvey@usgs.gov; ljohnson@d.umn.edu; josselyn@wra-ca.com;
 kalinla@auburn.edu;  kkolm@mines.edu; judymeye@gmail.com; hassy@cox.net;
 dtpatten@montana.edu; mrains@usf.edu; krr@ufl.edu; rosimarshalle@caryinstitute.org;
 jack.stanford@umontana.edu; sullivan.191@osu.edu; tank.1@nd.edu; maury.valett@umontana.edu;
 ellenw@cnr.colostate.edu


Subject: Date and time of the next SAB Connectivity Panel Teleconference
Date: Wednesday, May 07, 2014 10:15:00 AM


Dear Panel members:
 
The SAB Connectivity Panel’s draft report will be revised to incorporate changes discussed on the
 teleconferences last week.  We have scheduled another teleconference of the Panel on Thursday,


 June 19th from 1:00 – 5:00 p.m. (Eastern Time) to discuss the revised draft of the report.  Please


 reserve this date and time for the teleconference.  The call-in number for the June 19th


 teleconference is: 1-866-299-3188, conference code 2023439995# . 
 
I will soon send emails to Panel members who have specific assignments to provide revised text for


 the report. The revised report will be sent to the entire Panel for review before the June 19th


 teleconference.
 


Reminder -- we will not hold a Panel teleconference on June 9th or a face-to-face meeting on June


 19th to provide advice on the scientific and technical basis of the EPA’s proposed rule.  Instead, we


 will hold the Panel teleconference on June 19th to discuss the revised draft of the Panel’s report.
 
Regards,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Gensemer, Bob
To: Armitage, Thomas
Subject: Dialin in number for today"s SAB teleconference to discuss connectivity report
Date: Friday, May 02, 2014 12:39:51 PM
Attachments: image001.png


Mr. Armitage: Is today’s SAB meeting (starting at 1pm) open to the public to listen in? If so,
 what number would I use to dial in?
 
Thank you.
 
-Bob
 
Robert W. Gensemer, Ph.D. 
Vice President, Senior Ecotoxicologist


GEI Consultants, Inc. 
4601 DTC Boulevard, Suite 900 | Denver, CO 80237
T: 303.264.1030 | M: 303.476.1772
www.geiconsultants.com | vCard | map | LinkedIn | Twitter | Facebook


 
 


CONFIDENTIALITY NOTICE The information in this transmittal (including attachments, if any) may be privileged and confidential and is
 intended only for the recipient(s) listed above. Any review, use, disclosure, distribution or copying of this transmittal, in any form, is
 prohibited except by or on behalf of the intended recipient. If you have received this transmittal in error, please notify me immediately by
 reply email and destroy all copies of the transmittal.
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From: Frithsen, Jeff
To: Armitage, Thomas
Subject: Draft Connectivity Report
Date: Monday, May 12, 2014 10:22:54 AM


Tom:
 
Thanks again for coordinating the two teleconferences with the SAB ad hoc panel for the draft
 connectivity report.   Friday’s conversations were especially helpful.
 
Do you have a sense for the coming schedule for the ad hoc panel?  When might we see their next
 and presumably final draft review?   When might the full SAB quality review be done?  I know you
 don’t have exact dates, but approximate month would be helpful.
 
Jeff
 
 
Jeffrey B. Frithsen, Ph.D.
National Center for Environmental Assessment
Office of Research and Development
U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, SW (8623-P)
Washington, DC 20460
703-347-8623 (office phone), 410-336-8535 (cell phone)
 
Physical Office Address/Overnight Deliveries
Two Potomac Yard (North Building), Room N-7741
2733 South Crystal Drive, Arlington, VA 22202
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From: Wade Foster
To: Armitage, Thomas
Subject: EPA Teleconference on Connectivity Report
Date: Thursday, May 01, 2014 3:25:56 PM


Hello Mr. Armitage – would it be possible for me to get call in information on the below
 teleconference? Thank you


Join the EPA teleconference for Connectivity of Streams and Wetlands to Downstream Waters: A
 Review and Synthesis of the Scientific Evidence on May 2, 2014. 


 
Wade Foster
Manager, Regulatory and Scientific Affairs, The Fertilizer Institute
425 Third Street SW, Suite 950, Washington, DC 20024
O: 202-515-2701 / C: 202-263-9142
@Fertilizer_Inst / @4Rnutrients
 
Confidentiality Policy: This document contains confidential information and is intended for TFI members only. Please
 do not distribute to non-TFI members.
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From: Perrin, Rebecca
To: Armitage, Thomas
Subject: EPA teleconference for Connectivity of Streams and Wetlands...Is this open to anyone to attend?
Date: Wednesday, April 30, 2014 11:41:29 AM


Thomas,


I got an email with the following info regarding a “teleconference for Connectivity of Streams and
 Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence on May 2, 2014.For
 details and dial in information, please contact Thomas Armitage at armitage.thomas@epa.gov. You can
 also click here for the draft report”.


Can you send me more information? Is this an open call? How do you listen in? Could I share the call
 in info with my ag contacts?
 
Thanks!
 
Rebecca Perrin
Region 8 Agriculture Advisor | Office of the Regional Administrator | USEPA
1595 Wynkoop Street | Denver CO 80202 | DL: 303-312-6311 | FAX: 303-312-6882
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From: Amy Sparck Dobmeier
To: Armitage, Thomas
Subject: EPA teleconference
Date: Monday, April 28, 2014 1:00:06 PM


Please share the Waterways teleconference information for today, Quyana, thank you.
Amy Sparck Dobmeier
Qissunamiut Tribe, Chevak, Alaska
North Star Group
907-351-2454
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From: Armitage, Thomas
To: Frithsen, Jeff
Subject: FW: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May 2nd
Date: Monday, April 28, 2014 9:57:00 AM


Call-in number for speakers.


From: Armitage, Thomas 
Sent: Thursday, April 24, 2014 1:15 PM
To: Frithsen, Jeff; Alexander, Laurie
Cc: Goodman, Iris
Subject: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May 2nd
Jeff and Laurie,


The call-in number for the SAB Connectivity Panel teleconferences on Monday, April 28th and Friday,


 May 2nd is 1-866-299-3188, conference code 2023439995#
The calls on both days will begin at 1:00 p.m. and are scheduled to end at 5:00 p.m. You are both on


 the agenda for the call on Monday April 28th to provide EPA remarks. I included 15 minutes for your
 remarks from 1:15 – 1:30.
The teleconference agenda and other meeting materials are available on the SAB website at the
 following URL:
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
There is a different call-in number for those who only want to listen to the calls. Please ask anyone
 who wants that number to send me an email. We will also be streaming the audio of the calls live on
 the internet. The URL to access the audio is posted on the meeting website provided above.
Please call me if you have questions. Thanks!
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: McManus, Michael
To: Armitage, Thomas
Subject: FW: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May 2nd
Date: Tuesday, April 29, 2014 7:51:29 PM


Hi Tom
 
Could you please send me the call in number for Friday?  I tried listening through Adobe Connect on
 Monday, but got dropped a few times (probably because of the Cincinnati network).
Thanks,
Mike
 


From: Alexander, Laurie 
Sent: Thursday, April 24, 2014 1:38 PM
To: Alexander, Laurie; Autrey, Brad; David Goodrich; Fritz, Ken; Jim Wigington; Schofield, Kate;
 Kepner, William; Lane, Charles; LeDuc, Stephen; Leibowitz, Scott; McManus, Michael; Pollard,
 Amina; Raanan-Kiperwas, Hadas; Ridley, Caroline
Cc: Frithsen, Jeff
Subject: FW: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May
 2nd
 
Hello All,
 
This is a reminder that the SAB panel meetings are next week – see below for dates/times and
 teleconference information.
 
The panel’s comments on its draft peer review report were posted on the SAB website this
 afternoon and are attached to this email.   My guess is that both meetings (April 28 and May
 2) will be needed to resolve the disagreements among panel members.
 
Best regards,
Laurie
 
Laurie C. Alexander, Ph.D.  |   703.347.8630
Office of Research and Development
Environmental Protection Agency
1200 Pennsylvania Ave. NW (8623-P)
Washington, DC 20460


 


From: Armitage, Thomas 
Sent: Thursday, April 24, 2014 1:15 PM
To: Frithsen, Jeff; Alexander, Laurie
Cc: Goodman, Iris
Subject: Call-in number for the SAB Connectivity Panel teleconferences on April 28th and May 2nd
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Jeff and Laurie,
 


The call-in number for the SAB Connectivity Panel teleconferences on Monday, April 28th and Friday,


 May 2nd  is 1-866-299-3188, conference code 2023439995#
 
The calls on both days will begin at 1:00 p.m. and are scheduled to end at 5:00 p.m.  You are both on


 the agenda for the call on Monday April 28th to provide EPA remarks.  I included 15 minutes for your
 remarks from 1:15 – 1:30.
 
The teleconference agenda and other meeting materials are available on the SAB website at the
 following URL:
 
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/F11684C10D9F699285257CA2005EA581?
OpenDocument
 
There is a different call-in number for those who only want to listen to the calls.  Please ask anyone
 who wants that number to send me an email.  We will also be streaming the audio of the calls live
 on the internet.  The URL to access the audio is posted on the meeting website provided above.
 
Please call me if you have questions.  Thanks!
 
Tom
 
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Armitage, Thomas
To: mrains@usf.edu
Subject: FW: Date and time of call to discuss the material for SAB Panel report
Date: Tuesday, May 13, 2014 2:08:00 PM
Attachments: Definition.docx


 
 


From: Mark Murphy [mailto:hassy@cox.net] 
Sent: Sunday, May 11, 2014 10:56 PM
To: Armitage, Thomas; mrains@usf.edu
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Re: Date and time of call to discuss the material for SAB Panel report
 
Hi everyone,


Attached is my first, very rough, cut at the disturbance ecology contribution. Still need to find a few
 more references, particularly examples from mesic systems. I leaned heavily on Emily Stanley's
 excellent review paper in J-NABS. I'm inclined to just say "read and incorporate that paper" but that
 would be lazy.


Enjoy!
Mark


Mark T. Murphy, Ph.D., R.G.
Hassayampa Associates
#3110, 2600 W Ironwood Hill Dr.
Tucson, AZ 85745
(520) 302-9297
hassy@cox.net
 
*Confidentiality and Nondisclosure Notice:* This email transmission and
any attachments are intended for use by the person(s)/entity(ies) named
above and may contain confidential/privileged information. Any
unauthorized use, disclosure or distribution is strictly prohibited. If
you are not the intended recipient, please contact the sender by email,
and delete or destroy all copies plus attachments.
 
 
 
On 5/5/2014 3:09 PM, Armitage, Thomas wrote:


Hi  Mark Rains and Mark Murphy,
 


I have scheduled a call  on Tuesday, May 13th from 1 – 2 pm (Eastern Time) for you to
 talk about the additional text  for Section 3.2 of the SAB Connectivity Panel’s report.
 
The call-in number is 1-866-299-3188, conference code 2023439995# .
 
My notes indicate Mark Rains will develop some additional  text  on spatial and
 temporal scale for the response to charge question 2 .  Mark Murphy will provide
 material for this and will include concepts (with references) from the literature on
 disturbance ecology.
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Most of the following was gleaned from or suggested by Stanley and co-workers review paper ( 2010).


Definition: ‘‘any relatively discrete event in time that disrupts the ecosystem, community, or population structure and changes resources, substrate availability, or the physical environment.’’  (Pickett and White, 1985)


Places the temporal and spatial scale on the biotic effect. 


 “ . . . the biological consequence should be viewed simply as a filter that answers the yes/no question: ‘Is it a disturbance?’ Second, after passing through this filter, disturbances must be quantified by physical measures of the event itself (e.g., intensity, duration, frequency) rather than in terms of biotic responses to allow objective comparisons among events (Resh et al., 1988, Poff, 1992, Lake, 2000)” (Stanley et al, 2010)


If a disturbance(cause) results in ecological harm (effect) to the downsteam waters, then the event is (significantly) connected to those waters. The metric of significance is up to the user (regulator).


Predictability. “Resh et al. (1988) also expanded upon White and Pickett’s definition and stipulated that disturbances must be outside some predictable range of frequency or intensity.” (Stanley et al, 2010)


Poff’s (1992) answer: “In  sum,  disturbances (including predictable ones)  always have  ecological effects; however, the  magnitude of ecological response to a particular disturbance may  be constrained by evolutionary (historical) adjustments of the  biota  if the  disturbance  regime is characterized by high predictability.”  


Thus and again, the biotic consequences define predictability, specifically if the ecosystem, community, or population have adapted to the event of not. A harmful disturbance in one ecosystem may be necessary or irrelevant to another ecosystem.


This would suggest that unpredictable (un-adapted) disturbances in the watershed, if propagated down to the ecosystem, community, or population of downstream waters, constitute an ecologically harmful connection.


Measuring  disturbance. What are the metrics of such a disturbance?  Poff and Ward (1989) survey of long-term discharge records (17–81 yr) of 78 streams from across the continental United States. 


Hydrologic variables of importance from the study :  magnitude, frequency, predictability and duration.  Each of these hydrologic variables are defined by the biotic consequences to the adapted ecosystem, community, or population. 


This was outlined by Poff, et al (1997), who also added flashiness, or acceleration of flow to peak discharge, measured over some characteristic flood hydrograph (see original for figures):


“The magnitude of discharge at any given time interval is simply the amount of water moving past a fixed location per unit time. Magnitude can refer either to absolute or to relative discharge (e.g., the amount of water that inundates a floodplain). Maximum and minimum magnitudes of flow vary with climate and watershed size both within and among river systems.


The frequency of occurrence refers to how often a flow above a given magnitude recurs over some specified time interval. Frequency of occurrence is inversely related to flow magnitude. For example, a 100-year flood is equaled or exceeded on average once every 100 years (i.e., a chance of 0.01 of occurring in any given year). The average (median) discharge (also known as streamflow, flow, or flow rate) is always expressed in dimensions of volume per time. However, a great variety of units are used to describe flow, depending on custom and purpose of characterization: Flows can be expressed in near instantaneous terms (e.g., ft3/s and m3/s) or over long time intervals (e.g., acre-ft/yr).  Flow is determined from a data series of discharges defined over a specific time interval, and it has a frequency of occurrence, for example, 0.5 (a 50% probability). 


The duration is the period of time associated with a specific flow condition. Duration can be defined relative to a particular flow event (e.g., a floodplain may be inundated for a specific number of days by a ten-year flood), or it can be a defined as a composite expressed over a specified time period (e.g., the number of days in a year when flow exceeds some value). 


The timing, or predictability, of flows of defined magnitude refers to the regularity with which they occur. This regularity can be defined formally or informally and with reference to different time scales (Poff 1996). For example, annual peak flows may occur with low seasonal predictability (Figure 2b) or with high seasonal predictability (Figure 2c). 


The rate of change, or flashiness, refers to how quickly flow changes from one magnitude to another. At the extremes, "flashy" streams have rapid rates of change (Figure 2b), whereas "stable" streams have slow rates of change (Figure 2a).”    


This purely hydrologic definition must be compared to the habitat constraints of the adapted ecosystem, community, or population of jurisdictional waters.


Resilience and resistance.  Webster et al (1975) defined this as: “Resistance, the ability of an ecosystem to resist perturbation, results from the accumulated structure of the ecosystem. Resilience, the ability of an ecosystem to return to a nominal trajectory once displaced, reflects dissipative forces inherent in the ecosystem.”  For stream ecosystems, Webster et al (1983) used the assimilative capacity of the stream to better understand resistance and resilience. 


Fritz and  Dodds (2004) defined the terms as: “Resistance is defined here as changes in a response variable caused by disturbance, whereas resilience is the rate of recovery for a variable following disturbance. Assemblages from frequently disturbed environments are more resilient than assemblages that experience disturbance infrequently because unstable environments are likely to be dominated by taxa with traits (e.g. short life cycles, dormancy) that allow them to persist in fluctuating environments. If the environment is unstable, but predictable, dominant taxa are likely to possess traits that enable avoidance or reduction of stress or rapid colonization of newly opened space. (Citations omitted)” 


Once again, it is the biotic consequence that defines the scale of the variable as a response to the hydrologic cause of the disturbance.


Geographic variability. The natural variability of disturbance metrics across 78 ecosystems of the continental US, as a function of meteorology, geology, elevation and so forth was explored by Poff and Ward (1989). They determined that:  “Using a nonhierarchical clustering technique, nine stream types were identified: harsh intermittent, intermittent flashy, intermittent runoff, perennial flashy, perennial runoff, snowmelt, snow + rain, winter rain, and mesic groundwater. Stream groups separated primarily on combined measures of intermittency, flood frequency, flood predictability, and overall flow predictability, and they showed reasonable geographic affiliation.” 


This suggests that the variability in disturbance behavior might also explain the regional variability in watershed response to ecological stressors.


Applications of disturbance ecology to streams.  The Arid West Water Quality Research project, Habitat Characterization Project commissioned a literature review of studies that used disturbance ecology to describe stream habitat response to flooding (Chadwick Ecological Consultants, Inc., 2000). These, mostly arid West examples, included (references in original report):  	


· Fisher et al. (1982); Grimm and Fisher (1989)  periphyton assemblage and the macroinvertebrate community in Sycamore Creek, Arizona


· Bruns and Minckley (1980) reported times to recovery in Aravaipa Creek, Arizona,


· Power and Stewart (1987) documented distributional patterns of two algae species with different resistance capabilities to flooding.


· Molles (1985) monitored the recovery of a stream invertebrate assemblage from a flash flood on Tesuque Creek, New Mexico


· Cushing and Gaines (1989) investigated recolonization following winter spates in endorheic (surface flow does not leave the basin) cold desert spring-streams in Washington state.


· Lamberti et al. (1991) investigated macroinvertebrate densities after a catastrophic flood and debris flow in a Cascade Mountain stream in Oregon.


· Scrimgeour et al. (1988) reported density, biomass, and number of taxa recovered 132 days after a severe flood in an unstable New Zealand river.


· Meffe (1984) demonstrated persistence in the Sonoran topminnow in Sharp Spring, Arizona.


· Gido et al. (1997) evaluated the variability of fish assemblages in secondary channels of the San Juan River in New Mexico and Utah.


· Fausch and Bramblett (1991) & Bramblett and Fausch (1991) described effects of flood disturbance on the fish community in the Purgatorie River and its tributaries in southeastern Colorado .


More recently, Stromberg et al (2007) studied the disturbance ecology of riparian ecosystems.  


Might want to dig up some more recent examples.


Nonlinearity and hysteresis?


Human disturbance?


[bookmark: _GoBack]Climate effects?
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Thanks very much,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Armitage, Thomas
To: Goodman, Iris
Subject: FW: Draft revision
Date: Tuesday, May 06, 2014 9:40:00 AM
Attachments: SAB EPA Connectivity Report Section 3 5May 2014+KDF+JWH.docx


FYI
 
From: Harvey, Judson [mailto:jwharvey@usgs.gov] 
Sent: Tuesday, May 06, 2014 8:08 AM
To: Emma Rosi-Marshall
Cc: Fausch,Kurt; Armitage, Thomas; Amanda D. Rodewald
Subject: Re: Draft revision
 
Hi Emma and Kurt,
 
I read through the draft again and found it to be in good shape.  It is improved with Emma's
 edits based on group comments and Kurt's addition of more biological references.  I am
 returning it with some comments as described below.
 
 In rereading I was unsatisfied with the references for ephemeral and intermittent streams and
 so I located two excellent review articles.  These references are added and full citations are
 given in a comment on page 4.  These two new references should probably also be cited in the
 review's summary in addition to being cited here in section 3.3. 
 
In reading this I am remindedagain  that we are asking EPA for an awful lot of revisions on
 material related to perennial streams.  Our comments are pertinent, and we do speak to
 ephemeral and intermittent streams and variable source areas, however I do wish we had
 focused even more on those latter areas. Ah, hindsight ! Fortunately I think that the overall
 summary provides additoinal focus for ephemeral and intermittent streams and variable
 source areas, so all is good. 
 
Best wishes,
 
Jud
 


On Mon, May 5, 2014 at 4:33 PM, Emma Rosi-Marshall <rosimarshalle@caryinstitute.org>
 wrote:


Dear Jud and Kurt,
In the EPA SAB conference call last week we discussed revisions to our section of the SAB
 report.  After discussions with Kurt, I have incorporated those discussions and redrafted our
 section.  Jud I believe that you were not on the call, so your fresh eyes on this will be
 welcome.  Kurt, I look forward to your comments on how well this hangs together now. 
 Please let me know what you think of this new draft of our section.  I left in comments that
 included either reference to other sections or citations.  I tried to incorporate the rest of the
 comments.


Thanks, 
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams	





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an extensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. 





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and off-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow paths) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas). The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion is also needed of the geomorphological control of soil moisture and patch diversity that impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Kurt Fausch: Sentence seems to need something.  Not sure if I captured your meaning.





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss both sediments and sediment-bound contaminants and their downstream movement and effects on downstream waters. 	Comment by Kurt Fausch: Is this where you included info and references that Ken Kolm put in the final section that we removed?





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus) such as contaminants, and to also consider nutrient and contaminant transformation processes and the effect of these processes on downstream water quality, if known. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.	Comment by Kurt Fausch: Include mention of sediment in the Recommendations here too?





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. Upslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature and downstream connectivity. and t The SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics (Callahan et al. In Press). In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity and vice versa.	Comment by Mark Rains: Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity and vice versa. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity  	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.








The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. Connections that are highly variable in time can also be important to biota, and influence the biological integrity of downstream waters, such as when fish or amphibians breed in habitats that are dry most of the year or for several years.  The timescale of these temporally variable connections (i.e. connected at certain times) could range from seasons, years, decades to centuries.  In addition, some aspects of connectivity occur over relatively short times frames and are highly stochastic but can be represent important connections to downstream ecosystems.  For example, major erosion or woody debris fluxes that occur infrequently during high runoff events may represent major sources of sediments or large wood to downstream ecosystems. 	Comment by Kurt Fausch: I’m not sure if you also want to include the importance for biological integrity, but if so I suggest something like this.





The SAB finds that Chapter 4 would benefit from a separate section on this topic. The SAB recommends that the report could characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) that explicitly connect these ecosystems to downstream waters.  For example, the report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. Moreover, the SAB emphasizes that the report should explore the effect of short duration connections on downstream ecosystems. The report would benefit from a discussion of how even short duration and highly episodic flow connections can be important to downstream ecosystems. 





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration high flows and longer duration periods of dry conditions and the effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the natural temporal dimensions of connectivity (e.g., water withdrawal or augmentation can alter the timing a during of flow). Overall, the SAB recommends that report include a clear discussion how intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the consequences of these connections for physical, chemical, and biological integrity. 





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of time-varying flowthese connections: McDonough et al., 2011; Levick et al., 2008; Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Windows User: Levick, L.R. and others (2008) The Ecological and Hydrological 
Significance of Ephemeral and 
Intermittent Streams in the Arid and 
Semi-arid American Southwest , EPA/600/R-08/134 ARS/233046, 
November 2008

McDonough, O.T., Hosen, J.D., and M.A. Palmer (2011) The hydrology, geography, and ecology of non-perennially flowing waters, in “River Ecosystems: Dynamics, Management and Conservation, Elliot, H.S., and Martin, L.E. (Eds.), NOVA Science Publishers, ISBN: 978-1-61209-145-7, 2011.






[bookmark: _GoBack]Recommendations





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment,  and on downstream water quality, and biological integrity. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout aquatic and riparian systems (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles (e.g., Fausch et al. 2002; Kanno et al. 2014).


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters (Falke et al. 2010).


·    These mobile species include many different taxa, even within fish, and  encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed, or the connections are lost (e.g., owing to constructed barriers; e.g., Fausch and Bestgen 1997). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts (Vaughn 2012; Schwalb et al. 2013).	Comment by Kurt Fausch: Vaughn, C. C. 2012.  Life history traits and abundance can predict local colonisation and extinction rates of freshwater mussels. FRESHWATER BIOLOGY  57 : 982-992. 


Schwalb, A. N., T. J. Morris, N. E. Mandrak, and K. Cottenie.  2013.  Distribution of unionid freshwater mussels depends on the distribution of host ﬁshes on a regional scale.  Diversity and Distributions 19: 446–454.





Recommendation





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the current version of the report generally excluded the many studies that have been conducted in human-modified stream ecosystems.  The SAB agreed that there are many insights to be gained about the importance of connectivity to downstream waters, either when connections are severed or enhanced, to downstream waters. Including additional information from this large area of research will provide more examples of the importance of connectivity, and the SAB agreed that human-modified systems should not be excluded from the report. 	Comment by Allan: (Allan) Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.





The SAB recommends that writers of the report consider including examples from at least some of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low-head dams, grade control structures, stream restoration, accelerated erosion, sediment transport and storage, stream restoration, and effluent dominated streams. 





The following references (and others that are similar) could be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005).





Recommendations





· The draft Report should be revised to include information about the consequences of human alteration of headwater systems on their connectivity and concomitant effects on the water quantity and quality and biota of downstream ecosystems. These revisions could, for example, include discussion of some of these topics listed above.





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams on their connectivity to downstream waters. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical approaches. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the just the SPARROW model (SPAtially Referenced Regressions On Watershed attributes) and encompass the numerous modeling and empirical approaches that have been used.  In addition, the report could draw on examples from literature that investigates the movement of sediments through watershed for examining aggregate and cumulative effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 	Comment by Kurt Fausch: Do some of Kolm’s references on sediment go here also?





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8	Expanding the Discussion to Emphasize the Importance of Connections to the Broader Riverine Landscape  





The report focuses primarily on the connections among components of the aquatic system, including not only hydrologic connections but also those made by organisms that walk, crawl, or fly between water bodies.  However, the SAB commented that the physical, chemical, and biological integrity of downstream waters also depends on the presence of intact headwaters, and the integrity of these headwater ecosystems depends on critical connections between streams and the broader riverine landscape.  Given this, the SAB felt that more emphasis could be placed on the importance of these connections to the integrity of downstream waters.  





For example, the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function, but include effects of inputs of leaf litter and terrestrial insects on downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature. These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.





The SAB also recommends adding information to address the importance of food-web connections from riparian zones to streams that support aquatic organisms.  Organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. Following are key points that should be included:





1) Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply essential carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals (e.g., Wallace et al. 1997; Baxter et al. 2005). 	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  





2) Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators (e.g., Nakano and Murakami 2001; Wipfli and Baxter 2010).





3) These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters.  Data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections between streams and riparian zones (Fausch et al. 2010). 





Overall, these food webs integrate key connections across aquatic and terrestrial landscapes and therefore provide a useful framework through which to view the role of riverine landscapes in connectivity among aquatic ecosystems.





Recommendations 





· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





· The SAB recommends adding information to the Report to document the importance of reciprocal food-web connections between riparian zones and streams on the integrity of the ecosystems that are connected to downstream waters


 


3.3.10.	Clarifying How Case Studies Were Selected  





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report. 





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report could contain a case study that illustrates the downstream effects a of human-modified systems. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples. 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams, including streams with evaporative losses, and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral and intermittent streams to downstream waters. In addition, as previously discussed, even ephemeral and intermittent streams and short duration surface water connections in source water areas may have substantial effects on the chemical and biological integrity of downstream waters. 





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012), Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004, Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy) Osterkamp, W. R., L. J. Lane, and C. S. Savard. "RECHARGE ESTIMATES USING A GEOMORPHIC/ DISTRIBUTED‐ PARAMETER SIMULATION APPROACH, AMARGOSA RWER BASIN1." JAWRA Journal of the American Water Resources Association 30, no. 3 (1994): 493-507.

Graf, W. L. (1988). Fluvial processes in dryland rivers (Vol. 3). New York: Springer.

Goodrich, D. C., Williams, D. G., Unkrich, C. L., Hogan, J. F., Scott, R. L., Hultine, K. R., ... & Miller, S. (2004). Comparison of methods to estimate ephemeral channel recharge, Walnut Gulch, San Pedro River basin, Arizona. Water Science and Application, 9, 77-99.	Comment by Murphy: (Murphy) Hernandez, M., Miller, S. N., Goodrich, D. C., Goff, B. F., Kepner, W. G., Edmonds, C. M., & Jones, K. B. (2000). Modeling runoff response to land cover and rainfall spatial variability in semi-arid watersheds. In Monitoring Ecological Condition in the Western United States (pp. 285-298). Springer Netherlands.

Stratton, B. T., Sridhar, V., Gribb, M. M., McNamara, J. P., & Narasimhan, B. (2009). Modeling the Spatially Varying Water Balance Processes in a Semiarid Mountainous Watershed of Idaho1. JAWRA Journal of the American Water Resources Association, 45(6), 1390-1408.





Recommendations





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 (e.g. for subsections on temperature, chemical, and biological connections). In particular, the SAB recommends that the Report contain a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams to downstream waters.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 












Emma


Emma J. Rosi-Marshall
Associate Scientist
Cary Institute of Ecosystem Studies
2801 Sharon Turnpike AB
Millbrook, NY 12545
845-677-7600 ext 232


http://www.caryinstitute.org/science-program/our-scientists/dr-emma-j-rosi-marshall


 
--
Jud Harvey
USGS
430 National Center
Reston, VA 20192
703-648-5876
https://profile.usgs.gov/jwharvey 
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From: Armitage, Thomas
To: Goodman, Iris
Subject: FW: Reminder - Subgroup teleconference on Wednesday, January 29th to discuss the draft responses to charge


 questions 5(a) and 5 (b)
Date: Thursday, May 01, 2014 3:49:00 PM
Attachments: Additional references on road connectivity and pothole hydrological dynamics - 29 Jan 2014.docx


 
 


From: Genevieve Ali [mailto:Genevieve.Ali@umanitoba.ca] 
Sent: Wednesday, January 29, 2014 2:36 PM
To: Armitage, Thomas
Cc: ljohnson@d.umn.edu
Subject: RE: Reminder - Subgroup teleconference on Wednesday, January 29th to discuss the draft
 responses to charge questions 5(a) and 5 (b)
 
Hi Lucinda and Tom,
I have a list of references attached. Many thanks for organizing the call and pulling things together,
G.
 
--


Genevieve Ali, BSc Hons, PhD
Junior Chair, Watershed Systems Research Program
Assistant Professor, Department of Geological Sciences
Center for Earth Observation Science (CEOS)
Clayton H. Riddell Faculty of Environment, Earth and Resources
232 Wallace Building, Fort Gary Campus
University of Manitoba, Winnipeg, Manitoba, R3T 2N2 Canada


Email: Genevieve.Ali@ad.umanitoba.ca
Phone: +1 (204) 474-7266
Fax: +1 (204) 474-7623


Websites:
http://galiresearch.com/ 
http://www.wsrp.ca/
 
General Inquiries about the Watershed Systems Research Program (WSRP): wsrp@cc.umanitoba.ca
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: January-28-14 9:52 AM
To: Genevieve Ali; josselyn@wra-ca.com; ljohnson@d.umn.edu; rpb2@psu.edu;
 emily.bernhardt@duke.edu; mgooseff@engr.colostate.edu; hassy@cox.net
Cc: Goodman, Iris; adr79@cornell.edu
Subject: Reminder - Subgroup teleconference on Wednesday, January 29th to discuss the draft
 responses to charge questions 5(a) and 5 (b)



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

mailto:Goodman.Iris@epa.gov

mailto:Genevieve.Ali@ad.umanitoba.ca

http://galiresearch.com/

http://www.wsrp.ca/

mailto:wsrp@cc.umanitoba.ca

mailto:Armitage.Thomas@epa.gov

mailto:josselyn@wra-ca.com

mailto:ljohnson@d.umn.edu

mailto:rpb2@psu.edu

mailto:emily.bernhardt@duke.edu

mailto:mgooseff@engr.colostate.edu

mailto:hassy@cox.net

mailto:adr79@cornell.edu









Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence


Suggestions of additional references – Genevieve Ali











Bracken, L. J., Wainwright, J., Ali, G. A., Tetzlaff, D., Smith, M. W., Reaney, S. M., and Roy, A. G. (2013). Concepts of hydrological connectivity: research approaches, pathways and future agendas. Earth Science Reviews 119: 17-34.





Brunet, N. N. and Westbrook, C. J. (2012). Wetland drainage in the Canadian prairies: Nutrient, salt and bacteria characteristics.  Agriculture, Ecosystems and Environment 146(1):1-12.





Croke, J., Takken, I., and Mockler, S. (2005). Sediment concentration changes in runoff pathways from a forest road network and the resultant spatial pattern of catchment connectivity. Geomorphology 68: 257-268.





Conly, F.M., Van der Kamp, G., 2001. Monitoring the hydrology of Canadian prairie wetlands to detect the effects of climate change and land use changes. Environmental Monitoring and Assessment 67: 195–215.





Fang, X. and  Pomeroy,  J. W. (2008). Drought impacts on Canadian prairie wetland snow hydrology. Hydrological Processes 22: 2858-2873.





Gray, D. M., Landine, P. G. and Granger, R. J. (1984). Simulating infiltration into frozen Prairie soils in streamflow models.  Canadian Journal of Earth Sciences 22: 464-472.





Hayashi, M. and Van der Kamp, G. (2000). Simple equations to represent the volume-area-depth relations of shallow wetlands in small topographic depressions. Journal of Hydrology 237: 74-85.





Hayashi, M., Van der Kamp, G. and Schmidt, R. (2003). Focused infiltration of snowmelt water in partially frozen soil under small depressions. Journal of Hydrology 270: 214-229.





Montgomery, D. R., 1994. Road surface drainage, channel initiation, and slope instability. Water Resources Research 30(6): 1925-1932. 





Shaw, D. A., Van der Kamp, G., Conly, M., Pietroniro, A., and Lawrence, M. (2012). The fill-spill hydrology of prairie wetland complexes during drought and deluge. Hydrological Processes 26: 3147-3156.





Spence, C. (2007). On the relation between dynamic storage and runoff: A discussion on the thresholds, efficiency and function. Water Resources Research 43: 1-11





Spence, C. and Woo, M. K. (2003). Hydrology of subarctic Canadian Shield: soil-filled valleys. Journal of Hydrology 279: 151-166





Stichling, W. and Blackwell, S. R. (1957). Drainage area as a hydrologic factor on the Canadian prairies. IUGG Proceedings, Toronto, Ontario.





Thompson, C. J., Takken, I., Hairsine, P. B., and Croke, J. (2008). Hydrological and sedimentological connectivity of forest roads. In Schmiddt, J., Cochrane, T., Philips, C., Ellioyt, S., Davies, T. and Basher, L. (eds). Sediment Dynamics in Changing Environments. IAHS Publication, 325, 524-531.
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Charge question 5 subgroup members,
 


This is a reminder that there will be a subgroup conference call tomorrow, Wednesday, January 29th


 , from 1:00 – 2:00 p.m. (Eastern Time) to discuss the attached responses to charge questions 5(a)
 and 5(b).  Call in number: 1-866-299-3188, conference code 2023439995#.
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Armitage, Thomas 
Sent: Tuesday, January 21, 2014 12:11 PM
To: Genevieve Ali; Mike Josselyn; ljohnson@d.umn.edu; rpb2@psu.edu; Robert Brooks;
 emily.bernhardt@duke.edu; mgooseff@engr.colostate.edu; hassy@cox.net
Cc: Goodman, Iris; Amanda D. Rodewald
Subject: Teleconference to discuss the draft responses to charge questions 5(a) and 5 (b)
 
Dear Charge Question 5(a)/5(b) subgroup members,
 
I have scheduled a subgroup teleconference on Wednesday, January 29th from 1:00 - 2:00
 p.m. (Eastern Time) to discuss the draft responses to charge questions 5(a) and 5(b).
 
The teleconference call-in number is: 1-866-299-3188.  After calling in, please enter the
 following conference code at the prompt: 2023439995# .
 
I look forward to talking with you on the call.
 
Tom Armitage
************************************************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Armitage, Thomas
To: Castillo, Amparo
Subject: FW: Surface water gulping
Date: Monday, May 19, 2014 3:04:00 PM


Amparo,
 
Please include the following email in docket EPA–HQ–OA–2013–0582.   Thanks,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
From: James Sebren [mailto ] 
Sent: Wednesday, April 30, 2014 5:31 PM
To: Armitage, Thomas
Subject: Surface water gulping
 


Living in the desert one sees the earths strata and how some aggregate layers would absorb at
 such higher rates one could consider the intake of water as gulping sedimentary layers, sic. 
  That said, then Lidar may find underground water movement,  or some other
 instrumentation.   The results would map out rural drain field pollution sources that then can
 be stopped.   
  What do you think?


(b) (6)












From: Amanda D. Rodewald
To: Armitage, Thomas; Goodman, Iris
Subject: FW: good work
Date: Monday, April 28, 2014 5:05:36 PM
Attachments: Stanford et al 2005 SHM.pdf


Whited et al 2007.pdf
Ellis et al 2011.pdf


Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone (Lab of Ornithology office): 607-254-2176
Phone (Fernow Hall office): 607-254-7045
Fax: 607-254-2104
Email:  arodewald@cornell.edu


-----Original Message-----
From: Stanford, Jack [mailto:jack.stanford@flbs.umt.edu]
Sent: Monday, April 28, 2014 5:00 PM
To: mrains@usf.edu
Cc: Amanda D. Rodewald
Subject: good work


Hi Mark,


This EPA review process is interesting and mostly fun but I just wanted to say that I think you really have
 contributed effectively and decisively throughout this process.  Keep it up. 


With regard to the discussion today, I attached an out of the way pub that is relevant and may be helpful as you try
 to better articulate the generality of biophysical connectivity in river systems.  I am currently updating this as a
 mini-review for Ecosystems.  I attach another that shows the temporal consequences of flow on the shifting habitat
 mosaic of river systems. 


Also, I attach a paper on FL that clearly shows the consequences of biological connectivity in the context of the
 discussion that got rather off track today.  The mysids that invaded FL and completely changed the ecosystem ...
 from water quality to food web structure and productivity.... migrated from upstream lakes where they were stocked
 by Montana fish managers. 


Will you be at FLBS anytime this summer?  Forgot what you told me but I hope so.  Open house is August 5.  All
 the best,


Cheers,
Jack
406-982-3301 ext 235 office, through Sue Gillespie
406-250-1006 cell


copyright protected attachment withheld
copyright protected attachment withheld
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� 2007 by the Ecological Society of America



CLIMATE, HYDROLOGIC DISTURBANCE, AND SUCCESSION:
DRIVERS OF FLOODPLAIN PATTERN



DIANE C. WHITED,1,3 MARK S. LORANG,1 MARY J. HARNER,2 F. RICHARD HAUER,1



JOHN S. KIMBALL,1 AND JACK A. STANFORD
1



1Flathead Lake Biological Station, Division of Biological Sciences, The University of Montana, 311 Bio Station Lane,
Polson, Montana 59860-9659 USA



2Department of Biology, The University of New Mexico, Albuquerque, New Mexico 87131 USA



Abstract. Floodplains are among the world’s most threatened ecosystems due to the
pervasiveness of dams, levee systems, and other modifications to rivers. Few unaltered
floodplains remain where we may examine their dynamics over decadal time scales. Our study
provides a detailed examination of landscape change over a 60-year period (1945–2004) on the
Nyack floodplain of the Middle Fork of the Flathead River, a free-flowing, gravel-bed river in
northwest Montana, USA. We used historical aerial photographs and airborne and satellite
imagery to delineate habitats (i.e., mature forest, regenerative forest, water, cobble) within the
floodplain. We related changes in the distribution and size of these habitats to hydrologic
disturbance and regional climate. Results show a relationship between changes in floodplain
habitats and annual flood magnitude, as well as between hydrology and the cooling and
warming phases of the Pacific Decadal Oscillation (PDO). Large magnitude floods and greater
frequency of moderate floods were associated with the cooling phases of the PDO, resulting in
a floodplain environment dominated by extensive restructuring and regeneration of floodplain
habitats. Conversely, warming phases of the PDO corresponded with decreases in magnitude,
duration, and frequency of critical flows, creating a floodplain environment dominated by late
successional vegetation and low levels of physical restructuring. Over the 60-year time series,
habitat change was widespread throughout the floodplain, though the relative abundances of
the habitats did not change greatly. We conclude that the long- and short-term interactions of
climate, floods, and plant succession produce a shifting habitat mosaic that is a fundamental
attribute of natural floodplain ecosystems.



Key words: climate; floodplain; hydrologic disturbance; Pacific Decadal Oscillation; PDO; spatial
pattern; succession.



INTRODUCTION



Floodplains are among the most biologically diverse



and productive ecosystems worldwide, but their ecolog-



ical integrity is compromised by regulation of flow by



dams, diversions, and revetments (Tockner and Stanford



2002). Situated at interfaces between upland and river



channel environments, floodplains provide habitat and



refuge for a vast array of aquatic and terrestrial species



and are critical for the conservation of regional



biodiversity (Stanford et al. 2005). The diversity of



aquatic and terrestrial floodplain habitats is controlled



and maintained by variations within the hydrologic



regime that influence habitat distribution and turnover.



This complex biophysical system of natural river systems



has been frequently described as the ‘‘shifting-mosaic



steady state’’ model (Arscott et al. 2002, Ward et al.



2002, Hohensinner et al. 2005, Latterell et al. 2006) that



describes how ecosystems are comprised of habitat



patches that oscillate among several developmental



stages, thus sustaining equilibrium of habitat types at



the larger scale (Bormann and Likens 1979). This



shifting habitat mosaic is a fundamental process



attribute of river ecosystems (Stanford et al. 2005) that



describes how the distribution of riverine habitat patches



change spatially over time in response to flooding,



avulsion, cut and fill alluviation, entrainment of large



wood, and the recruitment and regeneration of vegeta-



tion (Ward et al. 2002, Stanford et al. 2005).



In fluvial systems, flooding structures the physical



environment and maintains high levels of habitat heter-



ogeneity and biological diversity across space and time



(Bayley 1995, Tockner and Stanford 2002, Junk 2005,



Stanford et al. 2005). Flooding continually reworks and



reshapes the physical floodplain structure. The varying



magnitude, frequency, and duration of these events



determine the rate and spatial extent of change across a



floodplain over time. Floods of high power and low



frequency of occurrence (;100-year events) produce



major geomorphic changes by channel avulsion and cut



and fill alluviation (Hauer and Lorang 2004). Flows of



low to moderate power and relatively frequent, and



therefore predictable, occurrence (;1–5 year return)



scour portions of the floodplain, creating the parafluvial
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zone (Fisher et al. 1998), where early successional



processes occur. These flood pulses (sensu Tockner et



al. 2000) may stimulate seed germination and/or vegeta-



tive reproduction of riparian vegetation (Mahoney and



Rood 1998) and directly or indirectly influence activity of



organisms that use the aquatic-terrestrial transition zone



(Junk 2005). Indeed, the entire natural range of dis-



charges is required to maintain ecological function in



streams and rivers (Stanford et al. 1996, Poff et al. 1997,



Doyle et al 2005). Over time, variation in discharge in



large measure determines the composition of floodplain



habitats and the dynamics of lotic communities (Power



et al. 1988, Resh et al. 1988, Stanford et al. 1996, 2005).



Variations in disturbance regimes are ultimately



related to climate. Changes in climate directly impact



disturbance regimes (e.g., fire, floods, droughts), indi-



rectly affect landscape composition (Graham et al.



1990), and influence the distribution and abundance of



plants and animals (Parmesan and Yohe 2003, Root et



al. 2003). Relatively small changes in climate have been



shown to significantly alter fire regimes in northwestern



Minnesota (Clark 1988, 1990). Using tree-ring data,



Clark (1990) showed how fire disturbance was more



frequent (;8.6-year return interval) during warm, dry



periods of the 15th and 16th centuries and less frequent



(;13.2-year return interval) during relatively cool, wet



periods such as the Little Ice Age (1640–1840). Similarly,



in the southwestern United States, Molles and Dahm



(1990) demonstrated how small temporal scale climate



cycles such as the El Niño–Southern Oscillation (ENSO)



increase spring runoff and river flow in El Niño years



and decrease flows during La Niña years. Likewise, the



predictability and frequency of wildfires has been linked



to ENSO within the southwestern United States



(Swetnam and Betancourt 1990). In addition, interde-



cadal cycles such as the Pacific Decadal Oscillation



(PDO) have been linked to runoff (Dettinger et al. 2000)



and snowpack fluctuations (Selkowitz et al. 2002), as



well as fluctuations in salmon (Hare et al. 1999) and



halibut populations (Hollowed et al. 1998).



Specifically, the PDO has been closely associated with



widespread climate variations in the Pacific Basin and



North America (Mantua and Hare 2002). In northwest



Montana and the larger Pacific Northwest region, the



warming phase of the PDO is characterized by lower



than average precipitation and warmer than average air



temperatures. Similarly, the cooling phase of the PDO is



typified by relatively high precipitation and cooler air



temperatures (Mantua and Hare 2002). These cooling



and warming phases generally oscillate within 20- to 30-



year cycles. In the last century, two cooling phases



(1900–1924, 1947–1976) and two warming phases (1925–



1946 and 1977–1997) occurred (Hare and Mantua 2000;



data available online).4



The objective of this study was to examine the



configuration and composition of floodplain habitats
and their spatial and temporal distribution as influenced



by river flows and regional climate at the Nyack
floodplain of the Middle Fork Flathead River in



northwestern Montana. We used a 60-year record of
time-series aerial photographs and digital multi- and
hyperspectral airborne and satellite remote sensing



imagery coupled with hydrologic and climatic data to
investigate how variations in climate affect flood



disturbance regimes and subsequent composition of
floodplain habitats (i.e., mature forest, regenerative



forest, cobble, water). Within the context of this
objective we addressed the following questions. (1)



How does the distribution and abundance of floodplain
habitats change through time? (2) How do these changes



relate to river discharge and regional climate?



METHODS



Study area



The Nyack floodplain (henceforth referred to as
Nyack) is located in northwestern Montana (4882703000



N, 1138500 W), on the Middle Fork of the Flathead
River, a fifth-order, free-flowing river (catchment area



2300 km2; Fig. 1). Most of the Middle Fork drainage
basin is pristine, with headwaters in the Bob Marshall



and the Great Bear Wilderness Areas, and the river
forms a portion of the southern boundary of Glacier



National Park. The Nyack occurs within a glaciated
valley between the Livingston and Flathead Ranges,



which are part of the regional Lewis overthrust and belt
series. Bedrock canyons, both upstream and down-



stream of the Nyack, form geomorphic knick points
constraining flow and channel mobility. Small areas



along the western portion of the floodplain have been
altered by construction and maintenance of a railroad
and highway. The floodplain was homesteaded about



100 years ago and gradual clearing of floodplain forest
for wood and pasture has occurred but is limited to the



highest- elevation, less flood-prone areas (Fig. 1).
The Nyack floodplain is approximately 2 km wide and



10 km in length and is composed of active and
abandoned channels, spring brooks, ponds, and stands



of regenerating and mature riparian vegetation. Actively
scoured areas (parafluvial zone) of the floodplain consist



of gravel bars with shallow ponds, large woody debris,
and vegetation patches of young cottonwood (Populus



balsamifera), willow (Salix spp.), and herbaceous
vegetation. Seasonally inundated floodplain benches



(active orthofluvial zone; sensu Stanford et al. 2005)
consist of mature cottonwood, alder (Alnus incana), and



conifers (Picea egelmannii, Abies lasiocarpa, Pseudotsuga
menziesii) (Mouw and Alaback 2003).



The Middle Fork of the Flathead River has a spring
snowmelt hydrograph, characterized by large seasonal



and annual flow variability (Fig. 2); seasonal maximum
discharge typically occurs in early June.Mean annual flow



is 82 m3/s, with an average peak annual discharge of 5414 hhttp://www.jisao.washington.edu/pdo/i
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FIG. 2. The maximum annual river discharge on the Middle Fork of the Flathead River between 1910 and 2004. Discharge data
are from USGS gages #12358500 and 12357500. Arrows denote years with historical photographs or airborne or satellite imagery.
Zeros for years prior to 1940 denote missing data.



FIG. 1. The Nyack floodplain of the Middle Fork of the Flathead River, located in northwestern Montana, USA. The base
layer is a multispectral satellite image taken in October 2004.
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m3/s and average base flow of 17 m3/s (based on 85-year



record from USGS gages #12358500 and 12357500).



Bankfull conditions, determined from field observations,



occur at a discharge of approximately 465m3/s. The 1-, 5-,



and 10-year recurrence intervals for the Nyack are 105,



670, and 850 m3/s, respectively (based on log Pearson type



III distribution). The largest recorded flood occurred on 9



June 1964 (2625 m3/s), while other large floods in the



period of the flow record occurred on 21 June 1916 (1190



m3/s) and 20 June 1975 (1540 m3/s) (Fig. 2).



Data sources and processing



Image data.—We used historical aerial photographs



(1945, 1966, 1981, 1986) and airborne and high-



resolution satellite imagery (1991, 1999, 2002, 2003,



2004; Table 1) to map habitat types across the floodplain



over time. River discharge in each image or photograph



record was near mean base flow (17 m3/s) for all years



except 1981 (133 m3/s) and 1999 (74 m3/s), which were



still well below bankfull conditions. Aerial photographs



were scanned at 600 dpi and georectified to a 1991



digital ortho photo quadrangle (DOQ) with a root mean



square (RMS) error of less than 5 m for all photographs.



During image rectification, each photograph was



resampled (set pixel size) to a 1-m resolution for



consistency across all photographs. The airborne and



satellite imagery were acquired from vendors who had



previously rectified the images. To confirm spatial



accuracy of the airborne and satellite imagery, several



locations on each image were compared to the same



location on the DOQ. All points were within 5 m, with



the majority of locations within 2–3 m of the DOQ for



the entire image series.



Classification of habitats and habitat change.—Five



floodplain habitat types were quantified for each the nine



sets of images over the period 1945–2004 (see Table 2 for



characteristics of each habitat type). The habitats were



demarcated using heads-up digitizing (manually drawing



polygons around features) in Arc/INFO (version 8.3;



ESRI, Redlands, California, USA). A minimum map-



ping unit (MMU) of 25 m2 was used as a threshold for



the smallest patch size. To minimize effects of small



spatial errors in the rectification process, such as small



polygons along patch edges, we converted the vector



coverage (polygons) to raster (pixel) format and



resampled the imagery to a coarser spatial resolution



(10 m2). We then used these raster coverages for analyses



of habitat change. In addition to the five focal habitat



types, actively scoured areas (parafluvial zone) were also



identified, digitized, and the aerial extents of these zones



were calculated for each image.



To characterize Nyack habitat variability over the 60-



year image series, we overlaid the raster images and



calculated temporal changes in location and aerial extent



of each habitat type through the entire image time series



(nine image dates with eight time steps). For each



individual pixel (10 m2), we recorded the type of habitat



change observed. These were classified into four trajecto-



ries: stable, recruitment, succession, and restructuring for



each transition time step. Recruitment patches indicate



areas that progressed from cobble to regenerative forest



between two consecutive time points. Succession patches



indicate areas that changed from regenerative forest to



mature forest over consecutive image dates. Restructuring



patches are areas that changed from vegetated to cobble



or water during any given time interval. The recruitment



and succession trajectories involve growth and develop-



ment of floodplain forests, whereas the restructuring



trajectory involves a re-setting of the floodplain habitats



to an initial bare earth state lacking vegetation cover or



surface water.



Climate and hydrologic data.—Time series monthly



Pacific Decadal Oscillation (PDO) index data were



acquired from the University of Washington (data



available online).5 The PDO index represents the leading



principal component of North Pacific (.208 N) monthly



variability of sea surface temperature (SST) and is



associated with a general decadal climate cycle that



oscillates between relatively persistent warming and



cooling phases. PDO warm periods are defined as years



when the annual average of the index is greater than 0.5



and PDO cool periods as less than�0.5. Other years are



defined as PDO neutral. In the last century, two cooling



phases (1900–1924, 1947–1976) and two warming phases



(1925–1946, 1977–1997) have been identified (Hare and



Mantua 2000; see footnote 4). PDO data from 1998



through 2004 were excluded from the analysis due to



inconsistent patterns of the PDO during this time frame



(N. Mantua, personal communication). Daily hydrologic



data from 1939–2004 were also obtained from USGS



gage site #12358500 located below the Nyack floodplain



on the Middle Fork of the Flathead River. Using the



discharge records (1939–1997), maximum, mean, and



minimum flows and duration of critical flows were



calculated for warming and cooling phases of the PDO.



Wedesignated all discharges capable of transporting the



cobble sediment, scouring, and eroding surfaces and banks



as critical flows. The duration of critical flows dictates the



TABLE 1. Aerial photographs and image data sources used in
the analysis.



Year Image source Scale/resolution



1945 aerial photography 1:12 000
1966 aerial photography 1:18 000
1981 aerial photography 1:20 000
1986 aerial photography 1:20 000
1991 digital ortho photo quad 1 m
1999 ADAR imagery 1 m
2002 hyperspectral imagery 1 m
2003 satellite imagery 2.4 m
2004 satellite imagery 2.4 m



Note: ADAR imagery refers to the Airborne Data and
Registration imagery.



5 hhttp://jisao.washington.edu/pdo/PDO.latesti
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amount of geomorphic work occurring on the floodplain



(Costa and O’Connor 1995) and affects vegetation



recruitment success and mortality. We used three ap-



proaches for estimating thresholds for critical flows on the



Nyack. First, a field-based estimate of bankfull discharge



(465 m3/s and 1.5-year recurrence interval) was identified



from field observation of when over-bank flooding and



connection with flood channels begins. Wolman and



Miller (1960) suggest that bankfull discharge is the



effective discharge controlling the development of a



floodplain and generally occurs every other year for



unregulated rivers. Similarly, Leopold (1992) found that



the largest volume of the annual bedload is transported



near the bankfull discharge in gravel bar streams. Bankfull



(and above) discharge often transports the greatest volume



of sediment because much of the river has reached a level



of flow competence where sediment transport can be



sustained (Lorang and Hauer 2003). The 5- and 10-year



recurrence intervals at 670m3/s and 850m3/s, respectively,



were used as the remaining two critical flow thresholds that



represent more intense flows. These flows are more likely



to cause parafluvial avulsions and channel changes and



provide ideal sites for cottonwood recruitment. Mahoney



and Rood (1998) found that successful cottonwood



recruitment is generally associated with moderate (5- to



10-year event) flooding. Scott et al. (1997) and Stromberg



(1998) concluded that the necessary requirements for



cottonwood recruitment and success are met approxi-



mately every 10 years, and Lytle and Merrit (2004) found



that mature cottonwood populations increased for flood



events having approximately 5- to 15-year return intervals.



Data analysis



Evaluating floodplain habitats through time.—We



examined the size and distribution of floodplain habitats



through time and the success and mortality of cohorts of



vegetation. We calculated the percentage of total



floodplain comprised of the five different habitat types



and of parafluvial for each photograph/image. Second,



the type of habitat change (stable, recruitment, succes-



sion, and restructuring) was assessed for each of the



eight different time steps. Due to the varying time



intervals between images, we also normalized the data



by evaluating habitat change over three relatively equal



time periods (1945–1966, 1966–1986, and 1986–2004).



The percentage of habitat change between images was



calculated for each image date and for the three



normalized time periods. Individual cohorts (patches



of vegetation that established at approximately the same



time) were tracked through the time series to evaluate



their relative success and persistence by estimating



cohort age, area, and elevation relative to the mean



water level under base flow conditions. The approximate



age of individual cohorts was estimated by identifying



the initial colonization patch and tracking the cohort



through time. For example, if a cohort first appeared in



the 1986 image and also existed in the 1991 and 1999



images, the age of the cohort was calculated to be 15



years in 1999. Using tree-ring data from a previous



study on the Nyack (Harner and Stanford 2003),



estimates of cohort ages by this method were found to



be reasonably accurate. Of the 18 sites where tree-ring



data and cohort stands overlapped, the mean difference



in age between tree-ring data and estimated cohorts was



3.3 years. In addition, a digital elevation model (DEM)



derived in 2002 was used to estimate mean elevations of



the remaining cohorts observed in 2004. The DEM was



derived from detailed survey data collected in summer



and fall of 2002. By overlaying the cohorts on the DEM,



mean elevation for each cohort in 2004 was calculated in



Arc/INFO.



Evaluating climate, hydrologic conditions, and habitat



pattern.—We conducted time-series analyses to assess



relationships between hydrologic conditions and yearly



PDO averages. A first order autoregressive model (AR1)



was fit independently to each time series, and then a



bootstrap analysis was carried out to obtain the



distribution of correlation coefficient between pairs of



time series of interest (e.g., PDO and annual mean flow)



under the null hypothesis of independence of the time



series. Significance of an observed correlation was



assessed by comparing it to the distribution under the



null hypothesis.



In order to further assess relationships between



hydrologic conditions and the warming and cooling



phases of the PDO, we compared the annual duration of



the three critical flows calculated from 1939 to 1997 to



the PDO phase. Hydrologic data for each year were



assigned to either a warming (n ¼ 28) or cooling PDO



phase (n ¼ 30) category. We used a nonparametric



TABLE 2. Characteristics of the five habitat types that were classified on the photographs and
images.



Habitat type Characteristics



Water All water bodies, including ponds, spring brooks, and side channels
Cobble Areas with no vegetative cover or water
Regenerative forest Vegetation patches with undefined canopies or small homogenous



patches of young deciduous species, primarily cottonwood and willow
Mature forest Closed-canopy vegetation usually composed of mixed stands of mature



cottonwoods and conifers
Other Pasture and grassland
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Kolmogorov-Smirnov test (SPSS 2003) to assess the null



hypothesis of no significant difference in duration of



critical flows between cooling and warming phases.



We also used a nonparametric rank order test (Mann-



Whitney U ) to evaluate whether PDO phase data were



coherent with observed changes in floodplain habitats.



Each image and associated habitat classification was



assigned to a respective PDO phase (warming or



cooling) category and then ranked in ascending order



of aerial coverage of key floodplain habitats. We tested



the relationship between PDO phase and the ranking of



percentage cobble and a combined vegetation (percent-



ages of regenerative forest and mature forest) categories.



For example, the percentage aerial coverage of cobble in



each image was ranked and tested to determine whether



cobble habitats are more abundant during cooling



phases of the PDO. Since the post 1997 PDO index



data have yet to be categorized relative to cooling or



warming phases, we used the annual water year PDO



index value to assign post-1997 habitat types to



estimated PDO cooling or warming phases for these



given years. Using this logic the 1999 and 2002 data were



classified under the PDO cooling phase (negative PDO



values) and the 2003 and 2004 (positive PDO values)



data were classified under the PDO warming phase.



RESULTS



Change in habitats through time



Patches of cobble, regenerative forests, mature forests,



and the river channel changed locations between 1945



and 2004 (Fig. 3), but the total area covered by each type



of habitat did not change greatly (Table 3). Exceptions



include an increase in the area of actively scoured



parafluvial zone, a reduction in mature forests, and an



increase in cobble between 1945 and 1966. The series of



images also show a decline in regenerative forests



between 1986 and 1999 (Table 3). Although discharge



varied slightly across the series of images (Fig. 3), the



average floodplain area occupied by active channel and



other open water surfaces accounted for only 9.0 to



12.3% of the total classified area (Table 3). Thus the



aerial extent of surface water was similar across the



image time series and was not a major influence on the



relative proportions of other habitat patches.



While the total area occupied by each habitat type did



not change greatly, the spatial distribution of habitat



patches (cobble and gravel bars, regenerative forests,



and mature forests) on the floodplain changed markedly



through time (Fig. 3). The river channel shifted position



repeatedly between 1945 and 2004 (Fig. 4A), contribut-



ing to widespread change in the location of successional



habitats throughout the entire floodplain (Fig. 4B). Over



70% of the total floodplain area changed habitats at



least once, and approximately 25% of the floodplain



changed habitats at least four times between 1945 and



2004. In general, we observed no distinct spatial patterns



in habitat change; change occurs often and everywhere.



The trajectories of habitat change (stable, restructur-



ing, recruitment, succession) also varied through time.



Habitat restructuring peaked between 1945 and 1966,



with 35% of the floodplain habitats being reset to either



water or cobble during this time frame due to the



occurrence of the flood-of-record (1964), followed by



23% restructuring from 1966 to 1981. Habitat restruc-



turing showed a general decline from 1981 until 2004,



although these data are skewed somewhat by the shorter



time interval between image series in more recent years.



Therefore, in our examination of the three relatively



equal time periods (1945–1966, 1966–1986, and 1986–



2004), we also found a general decrease in habitat



restructuring during these intervals. Habitat restructur-



ing peaked at 35% in the early time frame (1945–1966),



and then declined to 19% (1966–1986) and 17% (1986–



2004) in the later time frames. Conversely, within these



equal time periods, growth of vegetation showed a



general increase through time, with recruitment domi-



nating the middle time frame (9%, 23%, and 9%



respectively) and succession dominating in the more



recent time frame (4%, 4%, and 12%, respectively).



Tracking of individual cohorts of regenerating vege-



tation revealed that size and persistence of these patches



varied over the record of images (Fig. 5). The average



size of a newly colonized stand was 41.5 ha, with the



largest stand (93 ha) establishing after the 1964 flood.



These cohorts were also the most successful in sustaining



themselves over time, with 57 ha (61%) of the cohort still



remaining in 2004 (Fig. 5), while all other cohorts



declined to occupy areas of approximately 20 ha. In



general, the initial time step showed the largest decrease



in cohorts (independent of the number of years of the



time step), with an average decrease of 40% across all



cohorts. The largest decrease in cohort area (65%)



occurred between 1945 and 1966. The mean elevation of



cohorts that remained in 2004 (Fig. 5) varied from 1.5 m



to 0.8 m above the elevation of the river at base flow. In



general, older cohorts (those established before 1991)



occurred at higher elevations (mean of 1.45 m) than



younger cohorts (mean 0.87 m).



Climate and river flow



The PDO index (Fig. 6A) varied over the last century,



oscillating between cooling and warming phases every



20 to 30 years. Similarly, maximum flows (Fig. 6B),



minimum flows (Fig. 6C), and duration of critical flows



(Fig. 6B), as well as days below baseflow (Fig. 6C), also



fluctuated through time. The PDO index showed a



strong autocorrelation (0.65), which is consistent with



other recently published studies (Overland et al 2006).



Autocorrelation was slight for maximum (0.018), mean



(0.051), and minimum (0.099) flows, corresponding to a



much shorter persistence of departures from the mean



than exhibited by the PDO index. Results from the



bootstrap simulation showed that the observed correla-



tion between PDO and maximum flow (�0.261) was



improbable (probability, P¼ 0.02; one-tailed) under the
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null hypothesis of independence of time series. Similarly,



the observed correlation between PDO and mean flow



(�0.358) was improbable (P , 0.01; one-tailed) under



the null hypothesis. However for minimum flow the



observed correlation (�0.079) was reasonably probable



(P¼ 0.3). Thus, we concluded that the association of the



annual PDO index with maximum flow and mean flow



aspects of hydrologic conditions were indeed significant.



The lack of coherence with minimum flow likely relates



to storage of water in the alluvial aquifers that buffer



base flow variation in this floodplain river.



Correlations between the PDO and flow data revealed



that during the cooling phase, recurrence intervals of



critical flows were shorter, the duration of critical flows



lasted longer (more than doubled), and maximum and



mean flows were significantly higher than during the



warming phases (Table 4). Results from the Kolmogor-



ov-Smirnov test show significant differences between the



FIG. 3. Time series of the Nyack floodplain from 1945 to 2004. Five habitat types (water, cobble, regenerative forest, mature
forest, and other) are displayed along with the river discharge on the day of photo or image acquisition. The composite images for
1966 and 1991 were acquired at multiple times during those years; thus two different discharges are shown.
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PDO phases for the number of days above bankfull flow



conditions, and the number of days above the 670 m3/s
(5-year recurrence interval) flow thresholds (P , 0.01).



No significant differences between PDO phases were



observed for minimum flows or days above the 10-year
recurrence interval (850 m3/s). The recurrence interval



for field-based bankfull conditions (465 m3/s) showed



little change between PDO cooling and warming phases,
averaging approximately 1.4 and 1.6 years, respectively.



However, the recurrence interval for floods above 670



m3/s (our 5-year recurrence interval threshold) more
than doubled during PDO warm phases. Similarly,



floods above 850 m3/s (the 10-year recurrence interval



threshold) occurred approximately every 6.4 years



during PDO cooling phases compared to approximately



12.2 years for warming phases.



Although the pre-1939 data were not included in the



time series analyses, the third largest flood on record



(1190 m3/s) occurred in 1916 during the 1900–1924 cool



phase of the PDO. However, several days in this time



period were below baseflow conditions and others had



relatively short durations of critical flows. The mean



PDO index value for this period was positive (0.06),



while the mean PDO index value from 1947 to 1976 was



negative (�0.61).



TABLE 3. Percentage of the total floodplain area occupied by each of the five habitat types and percentage of the total floodplain
area classified as parafluvial (actively scoured) for each year in the time series.



Year Cobble (%) Regeneration (%) Mature forest (%) Water (%) Other (%) Parafluvial (%)



1945 11.3 7.9 65.5 9.8 5.4 23.7
1966 29.1 9.7 48.0 10.6 2.6 50.9
1981 19.5 21.3 43.6 12.3 3.3 38.0
1986 19.3 26.4 43.3 9.4 1.3 40.9
1991 16.7 17.2 52.5 12.1 1.5 38.6
1999 20.8 14.0 52.1 12.2 0.9 38.6
2002 22.6 15.3 52.1 9.0 0.8 38.6
2003 20.0 16.5 51.6 10.9 0.8 39.0
2004 18.1 18.8 51.6 10.4 0.8 39.0
Mean 19.7 16.3 51.1 10.7 1.9 38.6
SD 4.7 5.6 6.5 1.2 1.6 6.9



FIG. 4. (A) Location of river channels at nine points in time between 1945 and 2004. (B) Frequency of changes in cover type
over a given area (675 ha) of floodplain between 1945 and 2004. Blue regions indicate portions of floodplain that did not change
(i.e., remained as mature forest over the entire time series), whereas the green, yellow, and red indicate regions that shifted between
different types of habitats (i.e., cobble, regenerating forests, water) between time points.
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Climate and habitat pattern



During the cooling phases of the PDO, the highest



proportion of cobble surfaces was observed, with 29% of



the floodplain occupied by cobble in 1966, followed by



22.6% in 2002 and 20.2% in 1999. The average



percentage of cobble under PDO cooling phase years



was 24.6% compared to 17.5% for PDO warming years.



The results of the Mann-Whitney U test showed a



significant relationship between PDO phase and aerial



extent of cobble surface (P , 0.01), but no evidence of a



significant relationship to the percentage of vegetation



cover within the floodplain. However, the average



percentage of vegetation cover for PDO warming years



was slightly higher (69.4%), compared to 63.7% for PDO



cooling years.



DISCUSSION



Our analysis presents snapshots of the composition,



distribution, and development of habitat patches on a



floodplain over a 60-year time period. These habitats



change spatially in response to variations in hydrolog-



ical disturbances, which in turn are related to regional



climate. A balance exists between the magnitude and



frequency of critical flows, the area that can be colonized



by vegetation, and the rate and success of regeneration



and development of vegetation; these competing pro-



cesses produce the floodplain composition observed



today. Furthermore, the alternating periods of hydro-



logic disturbance and successional processes reflects



interdecadal cycles of cooling and warming associated



with the PDO. Floods of large magnitude occur during



cooling phases and produce extensive habitat restruc-



turing. Conversely, less extensive flooding occurs during



warming phases, contributing to regeneration and



succession of vegetation.



Hydrologic disturbance and successional controls



on floodplain pattern



Our results indicate that hydrologic processes produce
predictable patterns of structure on the Nyack flood-
plain. Three patterns, mature, major disturbance, and



moderate disturbance, are evident from 1945 to 2004
(Fig. 7). These patterns are linked to the magnitude,



duration, and recurrence intervals of floods and rates of
vegetation succession, with changes in floodplain com-
position corresponding to shifts in the disturbance



regime. For example, the largest change in floodplain
composition occurred between 1945 and 1966 (Fig. 3).



Mature forests of cottonwoods and conifers dominated
the floodplain in 1945, but by 1966 a large portion of the
floodplain consisted of cobble and young, regenerating



forests (Table 3). This shift resulted from extensive
reworking of the floodplain during the 1964 flood.
Another large flood occurred in 1975, after which the



floodplain entered a recovery stage where colonization
and regeneration of vegetation flourished under a



moderate disturbance regime. Hydrologic conditions
during this time were less intense compared to the 1964
flood; only three floods exceeding 670 m3/s (5-year



recurrence interval) were recorded (Fig. 2). Nonetheless,
the floodplain composition changed, especially in the



parafluvial, albeit less substantially than during the
period between 1964 and 1975. Therefore we call this
period a ‘‘moderate disturbance’’ pattern. In general, the



forests of the Nyack have matured during the period of
record. Given several more decades with only small to



moderate floods, the floodplain habitats may come to
resemble the composition of the mature forest depicted
in the earliest (1945) photo record.



The recurrence intervals of critical flows that cross
geomorphic thresholds may define the trajectory



(growth vs. restructuring) of floodplain habitats, which



FIG. 5. The area and success of each cohort of vegetation patches over time. The mean elevation of the remaining cohorts
observed in 2004 is also reported in the legend.
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in turn affect the complexity and diversity of the riverine



landscape. For example, when the recurrence interval of
major landscape forming flows (e.g., 100-year event)



begins to closely approximate the duration of the
riparian succession from recruitment to mature stands,



then the potential exists to create a floodplain mosaic



that more closely resembles a mature successional state



with a lower level of pattern complexity. This is the
pattern observed on the Nyack in 1945 when mature



forests dominated the floodplain landscape. Alterna-
tively, when the recurrence interval for major geomor-



phic critical flows is less than the time needed for forests



FIG. 6. (A) The Pacific Decadal Oscillation
(PDO) index between 1910 and 2000 (Mantua
2001). Positive values represent a warming phase,
and negative values correspond to a cooling phase
of the PDO. (B)Maximum river discharge and the
duration of critical flows. The 465 m3/s threshold
represents bankfull discharge estimated from field
observations. The 670 m3/s threshold represents
the five-year recurrence interval. Data points and
lines indicate the number of days above critical
thresholds (right-hand axis). (C) Minimum river
discharge (black lines and solid diamonds) and
the number of days each year with flows below the
average base flow of 17 m3/s (gray bars). (D) The
percentage of total floodplain area dominated by
cobble, regenerative forest, and mature forest.
The large gray shaded section represents a distinct
cooling phase of the PDO (1947–1976).
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to undergo maturation, then the mosaic of habitats



resembles early stages of plant succession. This latter



pattern is typical of highly braided rivers with a high-



frequency disturbance regime, such as the Tagliamento



River in Italy (Kollmann et al. 1999, Arscott et al. 2002).



Moderate flood recurrence intervals (e.g., 10-year



events) or a combination of high, moderate, and low



disturbances over decadal time periods appear to



maintain a state of maximum complexity of habitats



within a floodplain (Ward et al. 1999).



The Nyack floodplain is in a state of constant flux;



fluvial disturbance balanced by the rate of recovery and



success of vegetation recruitment create a shifting



habitat mosaic that maximizes biodiversity and drives



the life cycles of biota in floodplain ecosystems



(Stanford et al. 2005). Over 500 species of aquatic



invertebrates, a majority of native fishes in the Flathead



Basin–Glacier National Park area, and 68% of the



regional vascular flora (Mouw and Alaback 2003) have



been documented (Stanford et al. 2005) on the Nyack



floodplain. Our study shows that over a 60-year record,



changes in the locations of floodplain habitats (water,



cobble, regenerative forests, and mature forests) were



widespread, with 70% of the Nyack floodplain under-



going a change in habitat composition at least once.



However, the total area of habitats on the floodplain did



not change greatly through time (Table 3). At any given



floodplain location, most habitat types turned over at



least every one or two decades, but the total area



occupied by each habitat within the floodplain remained



fairly uniform. The landscape-level spatial and temporal



patterns of habitat change and composition observed on



the Nyack floodplain are consistent with findings by



Arscott et al. (2002) and van der Nat et al. (2003) along



TABLE 4. Summary (yearly averages) of hydrologic conditions during the most recent warming
and cooling phases of the PDO.



Variable
Cooling phase
(1947–1976)



Warming phase
(1939–1946, 1977–1997)



Maximum flow (m3/s) 664.7 495.7
Mean flow (m3/s) 86.5 74.6
Minimum flow (m3/s) 9.8 9.1
Days above 465 m3/s** 8.2 3.3
Days above 670 m3/s** 3.7 0.6
Days above 850 m3/s 0.3 0.1
Days below 10 m3/s 7.8 10.4



Critical flow thresholds



465 m3/s recurrence interval (yr) 1.2 1.6
670 m3/s recurrence interval (yr) 2.9 7.5
850 m3/s recurrence interval (yr) 6.4 12.2



Notes: The days above a given threshold (e.g., 465 m3/s) represent the yearly average of the total
days above a given threshold (not continuous days above a threshold) for either the cooling or
warming phase. The critical flow thresholds illustrate how the recurrence intervals are adjusted for
the cooling and warming phases. Significant results from the Kolmogorov-Smirnov test are denoted.



** P , 0.01.



FIG. 7. Percentage of total area of floodplain dominated by cobble (white bars), regenerative forests (gray bars), and mature
forests (black bars) between 1945 and 2004. The mature pattern (1945) is typified by a floodplain composition dominated by mature
forest; the major disturbance pattern (1966) is characterized by a large shift in floodplain composition, primarily a shift from forest
to cobble; and the moderate disturbance pattern (1981–2004) is characterized by minimal changes in the floodplain composition.
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the Tagliamento River in northeast Italy, whose work



also supports the shifting mosaic steady state model



(Bormann and Likens 1979). Arscott et al. (2002) and



van der Nat et al. (2003) demonstrated that relative



proportions of a given type of aquatic habitat remain



constant through time, despite frequent changes in



location of habitats within the landscape, though they



worked at scales of 1–2.5 years, whereas our study



supports the model over several decades.



Development of riparian forest



The distribution and age of cottonwood forests reflect



a legacy of hydrologic conditions, from large scouring



floods that create expansive areas for recruitment, to



extended periods of moderate to low disturbance that



promote succession. The development of cottonwood



forests requires creation of suitable sites (bare and



moist), the availability of seeds or deposited wood



(Karrenberg et al. 2002), adequate soil moisture



(Mahoney and Rood 1998), and suitable flows following



colonization to allow a given cohort to survive (Lytle



and Merrit 2004). On the Nyack, we found that



following the two largest floods on record (1964 and



1975), recruitment and succession of vegetation in-



creased over time. This period was typified by low



magnitude and short duration of critical flows, but still



maintained sufficient flows through the growing season



to sustain vegetation (Fig. 6B, C).



Large, infrequent floods scour areas at various



elevations and spatial positions throughout the flood-



plain, thus providing a variety of conditions for



recruitment and succession of riparian species. Our



results indicate that the largest and most successful



cohorts of cottonwoods were established following the



1964 and 1975 floods and are all situated on elevated



deposits (Fig. 5). Scott et al (1997) also found that



cottonwood establishment and survival along the



Missouri River was most successful following infre-



quent, large floods capable of scouring elevated flood



deposits. Similarly, the remainder of the 1986 cohort is



also found on elevated deposits (Fig. 5). It appears the



1964 and 1975 floods created such a large expanse of



suitable surfaces that widespread colonization and



establishment of riparian vegetation was still occurring



several years following these events. While most



colonization likely occurs during the initial flood year



(Stromberg 1998, Bendix and Hupp 2000), additional



colonization can occur following a large flood event if



environmental conditions remain suitable for cotton-



wood recruitment (Merigliano 1998, Rood et al. 1998).



Thus, the Nyack floods of 1964 and 1975 appear to have



facilitated the establishment of relatively large patches of



forests throughout the floodplain that persist today as



key features because they have been largely unaffected



by subsequent floods and scouring flows.



As the Nyack floodplain continued to evolve following



the large floods, the availability and quality of coloni-



zation sites were observed to decrease over time and were



generally restricted to parafluvial sites. After the



colonization and establishment of the cohorts on 1966,



1981, and 1986, only 17% of the floodplain was available



for colonization (compared to 29% in 1966); thus from



1991 on only small cohorts have been established and



these are restricted to lower elevations in the parafluvial



(Fig. 5). These cohorts are probably less likely to reach



maturity due to their higher susceptibility to inundation



and scouring on an annual basis (Scott et al. 1997). On



the Nyack, the temporal asynchrony of disturbance



events coupled with the variation in the extent and



spatial location of these disturbances produces a



floodplain mosaic characterized by several stages of



succession that occupy various locations and environ-



mental conditions on the floodplain.



Implications for a changing climate



Regional climate cycles inferred by the PDO index



have been shown to influence the state of natural



resources in the Pacific Northwest (Selkowitz et al.



2002). In Glacier National Park, which borders the



Nyack floodplain, winter snowpack fluctuations (Selko-



witz et al. 2002) and winter glacial ice accumulations and



summer ablation (Pederson et al. 2004) correspond



strongly with interdecadal patterns of the PDO.



Similarly, our results show that the cooling phase of



the PDO from 1947 to 1976 produced flood flows that



caused extensive habitat restructuring, resulting in a



substantial decrease in mature forest habitats and a



significant increase in the aerial extent of cobble



(exposed surfaces). The most recent PDO warming



phase (1977–1997) was characterized by low restructur-



ing and coincided with large increases in riparian forest



regeneration and succession. Although, no relationship



between vegetation cover and changes in the PDO



phases were observed, the successful recruitment and



succession of vegetation spans several years and is not



observed as an immediate response to changes in climate



and hydrologic conditions. Unlike the creation of cobble



surfaces, which represents a relatively abrupt response to



changes in hydrologic and climatic patterns, the



development of riparian vegetation is a time-lagged



response due to the relatively slow processes of



cottonwood recruitment, regeneration, and succession.



The current habitat composition of the Nyack flood-



plain reflects a PDO warm phase successional trajectory,



with over 70% of the floodplain consisting of regener-



ative and mature forest. If current climatic conditions



prevail, the magnitude and frequency of large floods will



most likely remain low, allowing a general progression



toward predominantly mature riparian forest habitat.



The relatively strong relationships between PDO,



hydrologic disturbances, and floodplain composition



characterize this floodplain (Fig. 6) and allow use of the



PDO index to extrapolate the disturbance history prior



to the recent hydrologic record and to speculate on how



the composition of Nyack may have looked prior to



1945. Although our hydrologic data extend back to
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1910, the record is incomplete until 1939 when



continuous data collection began. The floodplain



composition of 1945 was dominated by mature forest,



thus we suspect the period preceding 1945 was



characterized by a general lack of large flood events.



Indeed, the period between 1924 and 1945 is classified as



a warming phase in the PDO and should promote



riparian regeneration and succession processes. Howev-



er, this short time frame does not entirely account for



the mature forest pattern recorded in 1945. The period



between 1920 and 1924 is classified as a PDO cooling



phase, but does not appear to be as strong as the most



recent cooling phase (1947–1976). From 1900 to 1924



the average PDO index is actually positive (0.06),



suggesting this phase probably did not produce many



large floods or long durations of critical flows and was



probably more similar to conditions between 1925 and



1945 even though the third largest flood on record



occurred in 1916. This flood was less than half of the



intensity of the 1964 event and probably reworked



mainly parafluvial areas, thus resetting succession in



relatively small areas throughout the floodplain. Thus



the PDO index and sparse hydrologic data record prior



to 1945 imply that disturbance events during this period



were relatively minor in magnitude, duration and



frequency, allowing forest regeneration and succession



to dominate, and resulting in the predominantly



‘‘mature pattern’’ observed in the 1945 floodplain image



(Figs. 3 and 7).



CONCLUSIONS



The Nyack floodplain is a shifting mosaic of habitat



patches. The size and distribution of these patches



change through time and across space in relation to the



magnitude, duration, and recurrence intervals of flows.



Variation in the magnitude and spatial extent of flood-



mediated disturbance creates habitats that are charac-



terized by several stages of succession, resulting in



dynamic and diverse terrestrial and aquatic habitats. We



conclude that habitat change at Nyack is coherent with



the pattern of the Pacific Decadal Oscillation (PDO):



cooling phases of the PDO are characterized by frequent



high flow events that restructure habitat whereas



warming phases are associated with a decrease in the



magnitude and duration of critical flows that promote



vegetation regeneration and succession. This shifting



habitat mosaic is a fundamental attribute of the



structure and function of river ecosystems (Stanford et



al. 2005), which is driven by alternating periods of flood



disturbance and succession as mediated by regional



climate patterns. Floodplains like Nyack with a diversity



of habitats are important ecologically within regional



landscapes (Stanford et al. 2005), but they are increas-



ingly compromised by river impoundment, flow regula-



tion, water abstraction, revetments, and other problems.



Alterations to floodplains influence the trajectory of



development of habitats and potentially the composition



of species that utilize these landscapes.
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SAB Grapples With 'Gradient' For
 Determining Waters' 'Significant' Nexus
Posted: April 29, 2014


An EPA science advisory panel is struggling to craft a recommendation for how the agency
 should structure a graded approach for determining whether smaller waters have a
 "significant" nexus to larger navigable waters, a key test for determining whether they are
 jurisdictional under the Clean Water Act (CWA).


During an April 28 teleconference, members of the Science Advisory Board (SAB) panel
 generally agreed that the agency should use a "gradient" for determining the significance of a
 nexus but debated what factors regulators should consider, including temporal, spatial and
 ecological disturbances -- and how to weight them -- in any jurisdictional determination.


While EPA agrees with the SAB panel that a gradient approach to connectivity is possible,
 EPA's Jeffrey Frithsen, senior scientist with the Office of Research & Development's National
 Center for Environmental Assessment, told the April 28 teleconference that the "concept may
 be in conflict" with other components of the panelists' draft advice but he urged them to
 continue working to provide advice on establishing connectivity in "quantitative or semi-
quantitative terms."


The panel, which is slated to resume discussions May 2, is charged with reviewing EPA's draft
 study on waters' connectivity, which is slated to provide scientific support for the agency's
 and Army Corps of Engineers' proposed rule for clarifying the scope of the CWA.


The proposed rule is intended to clarify the reach of the water law in the wake of a 2009 high
 court ruling that created uncertainty about when smaller waters are subject to regulation. In
 Rapanos v. United States, Justice Antonin Scalia ruled in the court's plurality decision that
 only "relatively permanent waters" that hold a "continuous surface connection" to a
 traditionally navigable water of the United States can be considered jurisdictional.


By contrast, Justice Anthony Kennedy ruled in a concurring opinion that waters that share a
 "significant nexus" to navigable waters can be regulated under the water law.


The proposed rule, as well as the connectivity study, generally seeks to follow Kennedy's
 approach. The proposed rule, for example, says that all streams, as well as all waters and
 wetlands located in floodplains and riparian corridors share a connection or "nexus" to
 downstream, traditionally regulated waters -- and are therefore subject to default regulation.


The agency is proposing to define "significant nexus" as one that "significantly affects the
 chemical, physical or biological integrity of" a downstream river, territorial sea or other
 jurisdictional water.
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But the SAB panel reviewing the draft study, along with other critics of the rulemaking effort,
 have raised concerns that EPA has not adequately defined when waters have a "significant"
 nexus, but merely evaluated the presence of connectivity.


Deputy EPA Administrator Bob Perciasepe has acknowledged the concern, saying recently
 that federal officials will have to come up with a way to determine whether smaller waters
 have a "significant" nexus to larger navigable waters. While "nexus is a scientific
 determination" on whether or not a connection is present, "The question really is, when does
 it become significant?" he told water utility officials April 7.


'Gradient Approach'


In its April 23 draft report, the panel writes that EPA's draft study "often treats connectivity as
 a binary property, either present or absent, rather than as a gradient." To address the issue the
 panel is recommending that the agency shift its approach from a "dichotomous, categorical
 distinction (connected versus not connected) to a gradient approach that recognizes variation
 in the strength, duration and magnitude, and consequences of those connections."


But the panel has appeared to struggle in how to craft its recommendations for developing
 such an approach.


For example, while the panel generally agreed that the approach should recognize degrees of
 strength, frequency and magnitude of connections, but during the call, several members
 suggested that recommendations also address the degree to which connections may be
 predictable.


"Some mechanisms of connectivity are highly predictable (e.g., migration of anadromous fish
 and waterfowl, spring flood pulses, seasonal peaks of aquatic insect emergence, etc.) whereas
 others are less so (flood events from storms, short-term movement of organisms, nutrient
 spiraling dynamics)," Mazeika Sullivan, of the Ohio State University, writes in April 23
 comments from individual panel members.


Sullivan suggests that a predictability scale could be worked into a gradient framework, along
 with temporal and spatial components.


During the call, Jennifer Tank, of the University of Notre Dame, cautioned that the panel
 should avoid placing too much emphasis on predictability, however, saying that such an
 approach could lead to adding a "hole that could be punched" for critics to challenge
 connectivity determinations.


And while panel members have discussed at length the importance of the draft study
 addressing cumulative effects of streams and wetlands on downstream waters, particularly the
 spatial and temporal scales at which streams and wetlands are functionally aggregated, they
 have also debated how such temporal aspects of connectivity should be examined.


For example, David Allan of University of Michigan, writes in his April 23 comments that
 while it might be a good opportunity to clarify some key timeframes that influence
 connectivity, such as 100-year floods, "I am uncomfortable with an open-ended temporal
 scale that might appear to embrace very long time frames."


During the April 28 call, Kurt Fausch, of Colorado State University, suggested that long time
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 scales, which examine connectivity over a long period of time, are crucial, however, saying
 that "even intermittent connections over a long time scale may be important."


Amanda Rodewald, of Cornell University, chair of the SAB panel, noting that "EPA wants
 more information on temporal scale and how it relates to downstream water quality," urged
 the panel to work toward recommendations for such a framework, saying the draft report
 needs "more examples or a better scale for hydrological connectivity versus chemical or
 biological connectivity -- is there a way to do that?"


The panel also deliberated on how to advise EPA to incorporate information on the "legacy
 effects of human disturbances" and their effect on degrees of connectivity, which some
 members said on the call is well covered in available literature but not discussed in detail in
 EPA's draft study.


The SAB panel is scheduled to meet again May 2 to further discuss its draft recommendations
 prior to submitting a final report to the chartered SAB for a quality review.


 
 
_______________________________________
Angela Nugent, Ph.D.
Special Assistant/Designated Federal Officer
EPA Science Advisory Board Staff Office
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From: Duncan Patten
To: Armitage, Thomas
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Friday May 2 away
Date: Friday, May 02, 2014 11:33:30 AM


Amanda and Tom


 .
 
I will miss the teleconference today and try to get an update from Amanda later.  I believe many of
 my main issues were covered in first teleconference.
 
Sorry for this late notice.
 
Duncan
 
Duncan Patten,  Director
Montana Water Center, Montana State University, Bozeman, MT 59717-2690
Water Center (406) 994-6690
MSU Office (406) 994-2784
dtpatten@montana.edu
http://montanaioe.org/about/people/team/patten
 


(b) (6)
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From: Rains, Mark
To: Amanda Rodewald (adr79@cornell.edu)
Cc: Armitage, Thomas; Goodman, Iris
Subject: Fwd: Date and time of call to discuss the material for SAB Panel report
Date: Tuesday, May 13, 2014 2:42:46 PM
Attachments: Definition.docx


ATT00001.htm


Hi Amanda,


Mark Murphy and I had a productive conversation today, underlain by the attachment that he
 put together over the weekend. In it, he starts answering the question of metrics, proposing (as
 one example) the Poff et al. (1997) Natural Flow Regime framework as being exemplary of a
 suite of metrics. He suggested -- and, if I understand correctly, implied that you had
 previously suggested -- that all such metrics be filtered through their effects on biota, noting
 that there are disturbance adapted ecosystems, perhaps best described in terms of resilience. I
 wanted to quickly bring all of this to your attention because my action item no. 6 implied that
 you were going to pull some of this information together, to which I think you agreed by
 email a few days ago. This, then, seems like a good start.


In the near term, I'm going to focus on some of Mark's other comments, along with my notes,
 my other action items, and the comments in the markup. If I get to the section on metrics and
 haven't yet heard from you, then I'll email you to coordinate how to best proceed.


Mark


Sent from my iPad


Begin forwarded message:


From: "Armitage, Thomas" <Armitage.Thomas@epa.gov>
Date: May 13, 2014 at 2:09:07 PM EDT
To: "Rains, Mark" <mrains@usf.edu>
Subject: FW: Date and time of call to discuss the material for SAB Panel
 report


 
 


From: Mark Murphy [mailto:hassy@cox.net] 
Sent: Sunday, May 11, 2014 10:56 PM
To: Armitage, Thomas; mrains@usf.edu
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Re: Date and time of call to discuss the material for SAB Panel report
 
Hi everyone,


Attached is my first, very rough, cut at the disturbance ecology contribution. Still need
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Most of the following was gleaned from or suggested by Stanley and co-workers review paper ( 2010).


Definition: ‘‘any relatively discrete event in time that disrupts the ecosystem, community, or population structure and changes resources, substrate availability, or the physical environment.’’  (Pickett and White, 1985)


Places the temporal and spatial scale on the biotic effect. 


 “ . . . the biological consequence should be viewed simply as a filter that answers the yes/no question: ‘Is it a disturbance?’ Second, after passing through this filter, disturbances must be quantified by physical measures of the event itself (e.g., intensity, duration, frequency) rather than in terms of biotic responses to allow objective comparisons among events (Resh et al., 1988, Poff, 1992, Lake, 2000)” (Stanley et al, 2010)


If a disturbance(cause) results in ecological harm (effect) to the downsteam waters, then the event is (significantly) connected to those waters. The metric of significance is up to the user (regulator).


Predictability. “Resh et al. (1988) also expanded upon White and Pickett’s definition and stipulated that disturbances must be outside some predictable range of frequency or intensity.” (Stanley et al, 2010)


Poff’s (1992) answer: “In  sum,  disturbances (including predictable ones)  always have  ecological effects; however, the  magnitude of ecological response to a particular disturbance may  be constrained by evolutionary (historical) adjustments of the  biota  if the  disturbance  regime is characterized by high predictability.”  


Thus and again, the biotic consequences define predictability, specifically if the ecosystem, community, or population have adapted to the event of not. A harmful disturbance in one ecosystem may be necessary or irrelevant to another ecosystem.


This would suggest that unpredictable (un-adapted) disturbances in the watershed, if propagated down to the ecosystem, community, or population of downstream waters, constitute an ecologically harmful connection.


Measuring  disturbance. What are the metrics of such a disturbance?  Poff and Ward (1989) survey of long-term discharge records (17–81 yr) of 78 streams from across the continental United States. 


Hydrologic variables of importance from the study :  magnitude, frequency, predictability and duration.  Each of these hydrologic variables are defined by the biotic consequences to the adapted ecosystem, community, or population. 


This was outlined by Poff, et al (1997), who also added flashiness, or acceleration of flow to peak discharge, measured over some characteristic flood hydrograph (see original for figures):


“The magnitude of discharge at any given time interval is simply the amount of water moving past a fixed location per unit time. Magnitude can refer either to absolute or to relative discharge (e.g., the amount of water that inundates a floodplain). Maximum and minimum magnitudes of flow vary with climate and watershed size both within and among river systems.


The frequency of occurrence refers to how often a flow above a given magnitude recurs over some specified time interval. Frequency of occurrence is inversely related to flow magnitude. For example, a 100-year flood is equaled or exceeded on average once every 100 years (i.e., a chance of 0.01 of occurring in any given year). The average (median) discharge (also known as streamflow, flow, or flow rate) is always expressed in dimensions of volume per time. However, a great variety of units are used to describe flow, depending on custom and purpose of characterization: Flows can be expressed in near instantaneous terms (e.g., ft3/s and m3/s) or over long time intervals (e.g., acre-ft/yr).  Flow is determined from a data series of discharges defined over a specific time interval, and it has a frequency of occurrence, for example, 0.5 (a 50% probability). 


The duration is the period of time associated with a specific flow condition. Duration can be defined relative to a particular flow event (e.g., a floodplain may be inundated for a specific number of days by a ten-year flood), or it can be a defined as a composite expressed over a specified time period (e.g., the number of days in a year when flow exceeds some value). 


The timing, or predictability, of flows of defined magnitude refers to the regularity with which they occur. This regularity can be defined formally or informally and with reference to different time scales (Poff 1996). For example, annual peak flows may occur with low seasonal predictability (Figure 2b) or with high seasonal predictability (Figure 2c). 


The rate of change, or flashiness, refers to how quickly flow changes from one magnitude to another. At the extremes, "flashy" streams have rapid rates of change (Figure 2b), whereas "stable" streams have slow rates of change (Figure 2a).”    


This purely hydrologic definition must be compared to the habitat constraints of the adapted ecosystem, community, or population of jurisdictional waters.


Resilience and resistance.  Webster et al (1975) defined this as: “Resistance, the ability of an ecosystem to resist perturbation, results from the accumulated structure of the ecosystem. Resilience, the ability of an ecosystem to return to a nominal trajectory once displaced, reflects dissipative forces inherent in the ecosystem.”  For stream ecosystems, Webster et al (1983) used the assimilative capacity of the stream to better understand resistance and resilience. 


Fritz and  Dodds (2004) defined the terms as: “Resistance is defined here as changes in a response variable caused by disturbance, whereas resilience is the rate of recovery for a variable following disturbance. Assemblages from frequently disturbed environments are more resilient than assemblages that experience disturbance infrequently because unstable environments are likely to be dominated by taxa with traits (e.g. short life cycles, dormancy) that allow them to persist in fluctuating environments. If the environment is unstable, but predictable, dominant taxa are likely to possess traits that enable avoidance or reduction of stress or rapid colonization of newly opened space. (Citations omitted)” 


Once again, it is the biotic consequence that defines the scale of the variable as a response to the hydrologic cause of the disturbance.


Geographic variability. The natural variability of disturbance metrics across 78 ecosystems of the continental US, as a function of meteorology, geology, elevation and so forth was explored by Poff and Ward (1989). They determined that:  “Using a nonhierarchical clustering technique, nine stream types were identified: harsh intermittent, intermittent flashy, intermittent runoff, perennial flashy, perennial runoff, snowmelt, snow + rain, winter rain, and mesic groundwater. Stream groups separated primarily on combined measures of intermittency, flood frequency, flood predictability, and overall flow predictability, and they showed reasonable geographic affiliation.” 


This suggests that the variability in disturbance behavior might also explain the regional variability in watershed response to ecological stressors.


Applications of disturbance ecology to streams.  The Arid West Water Quality Research project, Habitat Characterization Project commissioned a literature review of studies that used disturbance ecology to describe stream habitat response to flooding (Chadwick Ecological Consultants, Inc., 2000). These, mostly arid West examples, included (references in original report):  	


· Fisher et al. (1982); Grimm and Fisher (1989)  periphyton assemblage and the macroinvertebrate community in Sycamore Creek, Arizona


· Bruns and Minckley (1980) reported times to recovery in Aravaipa Creek, Arizona,


· Power and Stewart (1987) documented distributional patterns of two algae species with different resistance capabilities to flooding.


· Molles (1985) monitored the recovery of a stream invertebrate assemblage from a flash flood on Tesuque Creek, New Mexico


· Cushing and Gaines (1989) investigated recolonization following winter spates in endorheic (surface flow does not leave the basin) cold desert spring-streams in Washington state.


· Lamberti et al. (1991) investigated macroinvertebrate densities after a catastrophic flood and debris flow in a Cascade Mountain stream in Oregon.


· Scrimgeour et al. (1988) reported density, biomass, and number of taxa recovered 132 days after a severe flood in an unstable New Zealand river.


· Meffe (1984) demonstrated persistence in the Sonoran topminnow in Sharp Spring, Arizona.


· Gido et al. (1997) evaluated the variability of fish assemblages in secondary channels of the San Juan River in New Mexico and Utah.


· Fausch and Bramblett (1991) & Bramblett and Fausch (1991) described effects of flood disturbance on the fish community in the Purgatorie River and its tributaries in southeastern Colorado .


More recently, Stromberg et al (2007) studied the disturbance ecology of riparian ecosystems.  


Might want to dig up some more recent examples.


Nonlinearity and hysteresis?


Human disturbance?


[bookmark: _GoBack]Climate effects?
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 to find a few more references, particularly examples from mesic systems. I leaned
 heavily on Emily Stanley's excellent review paper in J-NABS. I'm inclined to just say
 "read and incorporate that paper" but that would be lazy.


Enjoy!
Mark


Mark T. Murphy, Ph.D., R.G.
Hassayampa Associates
#3110, 2600 W Ironwood Hill Dr.
Tucson, AZ 85745
(520) 302-9297
hassy@cox.net
 
*Confidentiality and Nondisclosure Notice:* This email transmission
 and
any attachments are intended for use by the person(s)/entity(ies) 
named
above and may contain confidential/privileged information. Any
unauthorized use, disclosure or distribution is strictly 
prohibited. If
you are not the intended recipient, please contact the sender by 
email,
and delete or destroy all copies plus attachments.
 
 
 
On 5/5/2014 3:09 PM, Armitage, Thomas wrote:


Hi  Mark Rains and Mark Murphy,
 


I have scheduled a call  on Tuesday, May 13th from 1 – 2 pm (Eastern
 Time) for you to talk about the additional text  for Section 3.2 of the SAB
 Connectivity Panel’s report.
 
The call-in number is 1-866-299-3188, conference code 2023439995# .
 
My notes indicate Mark Rains will develop some additional  text  on
 spatial and temporal scale for the response to charge question 2 .  Mark
 Murphy will provide material for this and will include concepts (with
 references) from the literature on disturbance ecology.
 
Thanks very much,
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Armitage, Thomas
To: adr79@cornell.edu
Cc: Goodman, Iris
Subject: List of action items/assignments discussed on the teleconferences last week
Date: Wednesday, May 07, 2014 5:50:00 PM
Attachments: Action Items from April 28 and May 2 Calls.docx


Hi Amanda,
 


Attached is a list of action items/assignments discussed on the April 28th and May 2nd Connectivity
 Panel teleconferences.  The list is long but I think many of the items can be easily addressed.  I plan
 to  send specific assignments to those identified on the list (not to everyone on the Panel).  If


 possible, would like to send this out by Friday (May 9th). 
 
Please let me know if you think any of the assignments are incorrect or if I have missed anything. 
 Thanks very much.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

mailto:adr79@cornell.edu

mailto:Goodman.Iris@epa.gov



DRAFT – 5/7/14


[bookmark: _GoBack]Action Items/Assignments from April 28th and May 2nd Connectivity Panel Teleconferences





Section 3.1





1. Page 8, lines 44-46; page 9, lines 18-29 as well as throughout the report: Where “water quality” is specified the report will be revised to refer to the “physical, chemical, and biological integrity of downgradient waters.”  (DFO/Chair)


2. Section 3.1 will be reviewed and revised as necessary to clearly state that the subject of EPA’s Synthesis is to summarize the literature on the “effects of downgradient connectivity on the physical, chemical, and biological integrity of downgradient waters.” (DFO/Chair)


3. Section 3.1 will be reviewed and revised as necessary to recommend, but not require, that case studies be distilled into brief summaries in text boxes that provide shorter, clear illustrations of where different systems sit along the gradients of connectivity and also to highlight differences in the ecologically relevant temporal and spatial scales. (DFO/Chair)


4. Section 3.1 will be reviewed and revised as necessary to remove suggestions that revisions needed in EPA’s report are minor, and to indicate that substantive revision in certain places will improve the clarity and usefulness of the Report. (DFO/Chair)


5. Subsection 3.1 2 will be revised to drop text dealing with and recommending more focus on the effects of riparian vegetation.  (DFO/Chair)


6. The Panel’s report will be reviewed to ensure consistent use of terminology throughout the document. “Uni and bidirectional” will not be used except in quotations. Downgradient will be replaced with downgradient. (DFO/Chair)


7. Section 3.1 will be reviewed and revised as necessary to recommend that EPA avoid using word “significant” loosely, and instead refer to the relevance, functionality, or consequences of connectivity at different scales (DFO/Chair)


8. The following red-line changes will be removed from the draft: (DFO/Chair)


· P. 9, lines 27-28


· P. 10, lines 10 -11 (combine that bullet with previous one)


· P. 11, lines 3-7, synthesize into a single bullet.


9. Human alteration will be discussed in section 3.1 and removed from other sections of the report (DFO/Chair)


10. Section 3.1 will be revised to recognize that the time scale of connectivity is probably clarified by linking more to consequences and the impacts – e.g., some impacts are problems/important over any time scale. (DFO/Chair will add text to sections on spatial and temporal scale)


11. Section 3,1 will be reviewed and revised as necessary to recommend that the EPA report Include examples (via case studies) where even intermittent connectivity is important. (DFO/Chair)





Section 3.2





12. Literature citations and additional brief text on metrics of connectivity will be included in a new subsection in Section 3.2. The additional references and text will be provided by Kolm, Sullivan, Murphy, and Harvey (Kolm – for groundwater/surface water modeling studies; Sullivan – for relative connectivity;  Murphy for references to probabilistic ecological risk assessment; Harvey ) (DFO/Chair will insert the material provided by the panel members)


13. Section 3.2 will be revised to indicate that the EPA Report should state that the existing literature demonstrates that downgradient effects can be measured and assessed. (DFO/Chair)


14. Section 3.2 will be revised to recognize that what is most readily quantified is “relative” not “absolute” connectivity. (DFO/Chair)


15. Page 12, Line 41; Page 13, line36: Text will be revised to change “water quality” to “physical, chemical, and biological integrity of downgradient waters.” (DFO/Chair)


16. Figure 1 will stay in Section 3.7 but the text in Section 3.2 will be revised to refer to this figure and discuss how it is different for different water body types. Section 3.2 will also be revised to include a recommendation that the EPA make similar figures in each of the sections that address different types of water bodies in order to better represent gradients of connectivity. (Rains)


17. Section 3.2 will discuss the fact that any kind of connectivity that affects the physical, chemical, and biological integrity of downgradient waters is relevant/important.  However, the revised text will acknowledge that there is a level of connectivity at which the functional impact/the consequence on downgradient receiving waters is minimal; but this is where assessing the cumulative / aggregate effect becomes critical. (Rains/Chair)


18. Section 3.2 will be revised to recommend that the EPA Report link chemical and biological elements to show how they are connected.  (e.g., providing nutrients to the system; impacting biological community through trophic cascades, human health) (Chair)


19. The following red-line changes will be removed from the draft:


· P. 13, lines 34-36 (Chair)


20. Section 3.2 will be revised to include new text on spatial and temporal scale. (Rains and Murphy will write subsection to be included in Section 3.2.  Allan will provide additional references on spatial and temporal connectivity for the three water body types)


21. Sections 3.3, 3.5, and 3.7 will be revised as necessary to include short subsections that discuss the most relevant spatial and temporal scales at which connectivity is viewed for the systems addressed in the sections  and how scales relate to the impacts ( Rosi-marshall/Tank, Fennessy/Sulllivan, Johnson/Bernhardt)


22. Section 3.2 will be revised to elaborate on how to determine cumulative and aggregate effects (e.g., conditional probability tree about the likelihood that downgradient waters are impacted.)  (Murphy will send an additional material  to be included by the Chair)  


23. Additional literature citations that will help the EPA better address cumulative and aggregate effects will be added to Section 3.2 of the report. Lead writers will be asked if any literature citations can be provided (Rosi-marshall/Tank, Fennessy/Sulllivan, Johnson/Bernhardt)


24. Section 3.2 will be revised to present concepts from the literature on disturbance ecology (e.g., magnitude, intensity, frequency, and predictability). Predictivity was thought to be especially useful in evaluating downgradient effects of connectivity.  (Murphy will develop text and a list of references He will work with Mark Rains to include the changes in Section 3.2). The following suggestion will be sent from the Chair to Murphy and Rains:





Disturbance ecology language is a good model.  Use disturbance ecology literature as a framework for discussing and framing connectivity.


· Distribution, frequency, return interval, rotation period, predictability, area or size, magnitude (intensity and severity) (White & Pickett).  Examples of figures that could be considered for inclusion (not mandatory).


[image: http://forestry.sfasu.edu/faculty/jstovall/silviculture/images/textbook/disturbance_trend_full.png]
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Section 3.3


26. Page 25 line 31: add “and vice versa”  (DFO/Rosi-Marshall)


27. Bullet on page 25 line 31: the text will be revised as follows, “The report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), such as contaminants and contaminant transformation processes and the effect of these processes on the chemical, biological integrity of downgradient waters, if known.” (DFO/ Rosi-Marshall)


28. Subsections 3.3.8 and 3.3.9 will be combined into a single section that recognizes the effect of landscape on headwater stream function. The effect of beaver populations could be included as an example. (Rosi-Marshall)


29. Other comments will be incorporated into the text. (Rosi-Marshall)


30. Recommendations will be reviewed to determine whether any should be combined or reordered. (Rosi-marshall)





Section 3.4





31. Page 32 line 33: The report will be revised to indicate that: 1) different types of connectivity (hydrologic, biological) should be added to Table 4.1 of the EPA report, and 2) the EPA Report should explain that not all connectivity in the watershed is hydrologic, and that biological connectivity should be mentioned as an example. (Tank)


32. The recommendations on page 35 will be grouped and reordered. (Tank)


33. Page 34, lines 24-33: The paragraph will be revised to more clearly indicate that in the EPA Report, the case studies should be presented earlier and that text boxes should be used to present the case studies. The paragraph will be trimmed to make it more concise. (Tank)


34. The importance of frequency and magnitude will be included in the discussion of spatial and temporal scale in section 3.2. (Rains)


35. Page 35, lines 17-22: The text will be revised to indicate that EPA’s report should analyze the scientific literature and discuss how differences in flows affect connectivity. (Tank)


36. Page 35, lines 11-13: This recommendation is not needed and the bullet on these lines will be removed. Spatial and temporal scale will be discussed in each section of the report. (Tank)


37. Page 31, lines 45-47: The text will be revised to state that the SAB finds that the Report provides strong scientific support for these conclusions and findings. However, EPA should recognize that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes. (Tank)


38. Other comments and edits in section 3.4 will be incorporated. (Tank)


39. Recommendations will be reviewed to determine whether any should be combined or reordered. (Tank)


Section 3.5


40. The report will be checked to make sure terminology is consistent (DFO)


41. Page 38 will include a short section acknowledging the inverse of flood (i.e, drought and its implications with regard to connectivity). (Fennessy)


42. Recommendations will be reviewed to see whether any should be combined or reordered. (Fennessy)


43. References will be listed in the appropriate subsections rather than in a separate subsection. (DFO)


44. Subsection 3.5.3: Additional references on groundwater will be included in the section on spatial and temporal connectivity of floodplain environments to river systems. (Kolm)


45. Page 43, lines 35-38: The recommendation on residence time of water will be moved up in the list of recommendations. (Fennessy)


46. Page 44, lines 1-2: The text will be revised to indicate that the recommended case study should be included in the EPA report as a text box. (DFO/Chair)


47. Other comments and edits in section 3.5 will be incorporated. (Fennessy)


48. Text on page 47, lines 2-22 (temporal component) and page 48, lines 16-21 (export vs exchange) will be moved into the response to charge question 4(a).  (Fennessy/Sullivan)


Section 3.6


49. Page 45, lines 35-47 and Page 46, lines 1-2: The text will be clarified to indicate that it is appropriate to include the science related to floodplain areas in the EPA report (i.e., occasional connectivity of floodplain areas plays an important role in river hydrology). (Sullivan)


50. Page 47, line 47: The text will be revised to indicate that there is an opportunity to link the discussion of the role of wetlands and waters in storing and transforming chemical constituents to the regulation and management of chemical contaminants. (Sullivan)


51. Page 48, line 40: the discussion of probability trees will be included in the conceptual framework (section 3.2) not in section 3.6. (Sullivan)


52. Other comments and edits in section 3.6 will be included. (Sullivan)


53. Recommendations will be reviewed to determine whether any should be combined or reordered. (Sullivan)


Section 3.7


54. Page 50, line 39: Some of the references provided by Rob Brooks will be included (Johnson/DFO/Chair)


55. Page 50, line 25:  “human disturbance” will be changed to “human impacts.” (Johnson)


56. The following terminology will be used throughout the report: “bidirectional” waters and wetlands will be referred to as “waters and wetlands in riparian/floodplain settings” and “unidirectional” waters and wetlands will be referred to as “waters and wetlands in non-riparian/non-floodplain settings.” (DFO will check for consistency)


57. Page 53, lines 3-7: Edits referring to five functions will be incorporated (DFO/Chair)


58. Text will be added to Section 3.7.3 to indicate the importance of aggregate cumulative impact (i.e., diffuse impact over many wetlands can have a strong impact. (Bernhardt)


59. Figure 1, page 52: Survival and persistence will be substituted for survival in the figure caption (Bernhardt)


60. Figure 1, page 52: Chemical transformation was not included in Figure 1 but the text in subsection 3.7.3 will be revised to discuss this. (Bernhardt)


61. Page 53, lines 9-17: The recommendations will be reordered (Bernhardt)


62. Page 53, lines 2-3: The text will be revised to indicate that certain rules might be used to evaluate gradients of connectivity. (Bernhardt)


63. Page 53, line 17: The text will be revised to indicate that the EPA Report should provide information on where there is uncertainty. (Bernhardt)


64. Figure 1, page 52 will not be moved into section 3.2 but it will be referenced in that section and a discussion of how the figure would be different for different water body types will be included in section 3.2. Criticism of the dichotomous approach will be included in section 3.2 (Rains/Bernhardt)


65. Page 53, lines 40-42: Section 3.7 will be revised to state only once that all water bodies are connected over sufficient time scales (it will be stated in the text and once in the recommendations on page 54 lines, 8-10) (Bernhardt)


66. Page 53, lines 23-26: The text will be revised to refer to “effects” (i.e., “duration of connectivity and effects on the physical, chemical, and biological integrity of downgradient waters.” (Bernhardt)


67. Page 53, lines 26-28: The text will be revised to indicate that “the SAB recommends that the authors examine the degree of connectivity and the consequences of connectivity through a range of time scales.”


68. Subsection 3.7.6 (human alteration of landscapes). This subsection will be removed from Section 3.7 and the material will be included in Section 3.1. The subsections on human alteration will also be removed from other sections of the report and included in the response to charge question 1 (section 3.1) (DFO/Chair)


69. Recommendations will be reviewed to determine whether any of them should be combined or reordered. (Johnson/Bernhardt)


70. Other comments and edits in section 3.7 will be included (Bernhardt)


Section 3.8


71. Page 56, lines 2-20: the text will be revised to emphasize the need to assess the impact of connectivity of these wetlands. (Bernhardt)


72. Page 56, line 10: the text will be revised to indicate that conclusion 3 in EPA’s report overlooks deep aquifer connections. (Bernhardt)


73. Human alteration will not be discussed in this section of the report (DFO)


74. Page 56, lines 41-47: The text will be clarified (Kolm)


75. When specific text is recommended for EPA’s conclusions and findings, the report will indicate that this text is “suggested.” (DFO)


76. Page 58, lines 37-47: The text will be revised to make it shorter. (Brooks)


77. Other comments and edits in section 3.7 will be included (Bernhardt)


78. Recommendations will be reviewed to determine whether any should be combined or reordered. (Bernhardt)


79. Appendix B: wording changes for the findings and conclusions will be moved into the body of the report to be consistent with the section 3.8. (DFO)


80. All references cited in the text will be included in the references section. (DFO)
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From: Armitage, Thomas
To: emily.bernhardt@duke.edu
Cc: adr79@cornell.edu; Goodman, Iris; ljohnson@d.umn.edu
Subject: List of assignments for revision of SAB Connectivity Panel Report
Date: Friday, May 09, 2014 1:33:00 PM
Attachments: bernhardt_action items_5_8_14.docx


SAB Connectivity Panel Draft Report_4_23_14 (markup).docx


Hi Emily,
 
Attached please find a list of your action items for revision of the SAB Connectivity Panel’s report. 
 These are based on my notes from the two teleconferences last week.  If possible, I would like to


 receive the revisions for Sections 3.7 and 3.8 by Monday, May 19th .   I have also attached the word
 file of the 4/23/14 markup draft.
 
I will incorporate your revisions into next draft of the report which will be sent to the Panel for


 review and discussion on the June 19th conference call.  Please feel free to call me if you have
 questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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Emily Bernhardt – Action Items from April 28 and May 2 Connectivity Panel Teleconferences





1. Section 3.7 will be revised as necessary to include a short subsection that discusses the most relevant spatial and temporal scales at which connectivity is viewed for the systems addressed in the section  and how scales relate to the impacts (Johnson/Bernhardt)


2. Additional literature citations that will help the EPA better address cumulative and aggregate effects will be added to Section 3.2 of the report. Lead writers will be asked if any literature citations can be provided (Rosi-Marshall/Tank, Fennessy/Sullivan, Johnson/Bernhardt)


3. Text will be added to Section 3.7.3 to indicate the importance of aggregate cumulative impact (i.e., diffuse impact over many wetlands can have a strong impact. (Bernhardt)


4. Figure 1, page 52: Survival and persistence will be substituted for survival in the figure caption (Bernhardt)


5. Figure 1, page 52: Chemical transformation was not included in Figure 1 but the text in subsection 3.7.3 will be revised to discuss this. (Bernhardt)


6. Page 53, lines 9-17: The recommendations will be reordered (Bernhardt)


7. Page 53, lines 2-3: The text will be revised to indicate that certain rules might be used to evaluate gradients of connectivity. (Bernhardt)


8. Page 53, line 17: The text will be revised to indicate that the EPA Report should provide information on where there is uncertainty. (Bernhardt)


9. [bookmark: _GoBack]Figure 1, page 52 will not be moved into section 3.2 but it will be referenced in that section and a discussion of how the figure would be different for different water body types will be included in section 3.2. Criticism of the dichotomous approach will be included in section 3.2 (Rains/Bernhardt)


10. Page 53, lines 40-42: Section 3.7 will be revised to state only once that all water bodies are connected over sufficient time scales (it will be stated in the text and once in the recommendations on page 54 lines, 8-10) (Bernhardt)


11. Page 53, lines 23-26: The text will be revised to refer to “effects” (i.e., “duration of connectivity and effects on the physical, chemical, and biological integrity of downgradient waters.” (Bernhardt)


12. Recommendations will be reviewed to determine whether any of them should be combined or reordered. (Johnson/Bernhardt)


13. Other comments and edits in section 3.7 will be included (Bernhardt)


14. Page 56, lines 2-20: the text will be revised to emphasize the need to assess the impact of connectivity of these wetlands to downgradient waters. (Bernhardt)


15. Page 56, line 10: the text will be revised to indicate that conclusion 3 in EPA’s report overlooks deep aquifer connections. (Bernhardt)


16. Other comments and edits in section 3.7 will be included (Bernhardt)


17. Recommendations will be reviewed to determine whether any should be combined or reordered. (Bernhardt)
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This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. 	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on material flows generated by fauna, particularly avian fauna.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for Unidirectional Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and “geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birds is important as they spatially integrate these wetlands through their movements. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) a wishy washy statement.... too all inclusive which brings us back to the concept of  "sufficiently long time scale".... what does that mean or imply? 





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc385943123]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There must be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on downstream water quality. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure	Comment by Murphy: (Murphy)  See general comments. Need to provide a conceptual model.


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that the literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, thea conceptual frameworkmodel for ecological connectivity needs to be revised and clearly articulated at the beginning of the Chapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous  physical, hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity, such as the influence of human activities, should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 	Comment by Meyer: (Meyer)  Don’t need this first sentence, which is just a restatement of the charge question written in the lines above it.
	Comment by Duncan: (Patten) this implies that no new important citations are or will be suggested.   Is that so? 	Comment by Murphy: (Murphy)	Comment by Benda: (Benda) Here and in numerous other places in the SAB review document, the need for an improved conceptual framework expressed as continuous (4 dimensional) hydrological, chemical, and biological flowpaths is mentioned. It would be helpful to EPA if the SAB could provide additional guidance (illustrative) on what that conceptual framework might look like. In addition, here and in numerous other places in the SAB review document, the term “hydrological us used. I think that if “hydrological” is to be understood to be all encompassing, then here and at a few other strategic locations in the SAB review document, this should be clarified. 

	Comment by Murphy: (Murphy) We have stated that discontinuity needs to be addressed, too.	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) provide an example of the “commonly used terminology” that we are requesting them to use.
	Comment by Meyer: (Meyer) I read this paragraph as a summary of our recommendations.  If that is the case, then (5) needs to be more complete.   It should be replaced with “5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report.”  Otherwise, without that explicit list, it makes it sound as though we don’t care about those recommendations.






3.2.1.	Defining Connectivity	Comment by Josselyn: (Josselyn) See my recommendation included in the general comments on the draft report.





Because connectivity can be defined in many ways, the Report needs to define and concisely discuss what is meant by “connectivity” at the beginning of Chapter 3. Currently, connectivity is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





Recommendations





· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report, and a discussion included on how the scientific literature was used to establish the degree to which such connectivity was determined to have an effect on downstream water quality.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





3.2.2.	Defining the Scope of the Report	Comment by Josselyn: (Josselyn) See my recommendation on this section in the general comments on the draft report.





The SAB finds that the scope of the Report, with respect to the types of wetlands and water bodies covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various water bodies and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However; however, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of water bodies and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the wetland definition of Cowardin et al. (1979) to describe wetlands, and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. definition of a wetland was used[footnoteRef:4]. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.	Comment by Murphy: (Murphy) I am still not comfortable about using Cowardin et al 1979. The report is attempting to define what water bodies, wetlands or otherwise are included in the WUSA definition. Cowardin was developed to address other regulatory needs. The EPA report needs to develop its own definition.	Comment by Siobhan  F: (Fennessy) An excellent account of our discussion  [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.]  [4: 2 In response to questions from the SAB about the use of the “one parameter” wetland classification, EPA scientists explained that much of the scientific literature does not specify the method used to delineate the wetlands under study. Thus, EPA scientists used the broader ‘one parameter” definition of wetlands to more fully assess the entirety of the available scientific literature.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining what are considered waters and wetlands.	Comment by Sullivan: (Sullivan) And other water bodies?





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as wetlands or other water bodies (see discussion in Section 3.5.2 of this report). The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





· The differences between the wetland and waters definitions used in the Clean Water Act regulations and those used in the Report should be clearly explained. The Report should document, based on the scientific literature, what differences this may have on determining the degree of connectivity between wetlands and waters with downstream water quality.	Comment by Josselyn: (Josselyn) new recommendation.





3.2.3.	Use of a Flowpath Framework	Comment by Murphy: (Murphy) This is a crucial section. The writing needs to be simplified and made more concise. Further, the SAB report needs to write this to provide clear concepts and resultant terminology that consistently inform the entire rest of the discussion. 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and areprimarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 	Comment by Duncan: (Patten) This may be the most critical recommendation of our report.  This framework either demonstrates the connectivity that is important or side steps the often critical but ignored connections. 	Comment by Benda: (Benda) See previous comment about the use of the term “hydrological.”	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) this statement  or the parenthetical part of it should follow  the statement earlier about "highlighting four dimensional nature...."





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of physical, hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., physical= brown, hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (e.g., .. For example, the Ogallala aquifer) underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina. Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling that transitions to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.	Comment by Tank: (Tank) The description of the revision of Figure 1-1 (to be new Figure 3-1?) is somewhat long and a bit confusing. Perhaps it would be more effective if an example of new figure was inserted here? 	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) include  in examples deep  carbonate aquifer cross basin connections such as found in the Great Basin	Comment by Aldous: (Aldous)	Comment by Allan: (Allan) Is reference to the Ogallala aquifer relevant? I thought this was a deep aquifer with relatively little connection to surface water and shallow ground water. If that is so, we are extending our time horizon to very long geological time.	Comment by Allison Aldous: (Aldous)  This section needs specific citations





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains.. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) see above comment. This is important because impacting GW in one basin can effect flows in another including flows of rivers. 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, groundwater, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). In all three block diagrams, bedrock groundwater systems and flowpaths should be included to illustrate subregional/regional connectivity.	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)





Some editorial or technical corrections are needed in the Report to address various omissions, inconsistencies, and errors in the hydrology section, as well as other sections, of the Report. These and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 	Comment by Aldous: (Aldous)





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by (Horton (1945). 	Comment by Murphy: (Murphy) I’m not sure this distinction, which is difficult for non-hydrologists to understand, is important. Just call it Excess Overland Flow and cite the two papers.	Comment by Aldous: (Aldous)





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by (Dunne and Black1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further discuss variable source explain how areas and how theycontributing runoff expand and contract, and therefore changechanging the way that landscapes connect through storms and seasons (Dunne and Black 1970). Variable source areas have particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which are highly variable in space and time. The incomplete discussion of variable source areas is a critical shortcoming of the current version of the Report because it is through variable source areaThe expansion that waters and wetlandsof runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally becomechange the headward extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendationvariability suggests that connectivity be discussed as a continuous phenomenon.within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely and has organized the Report in sections, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscapes are considered to be discrete, it is important to clearly state that; however, the lines delineating these landscape categories are conceptual and/or fluid, i.e., that there areis no fixed bright lines betweenscientific consensus on separating the categories.	Comment by Murphy: (Murphy)	Comment by Harvey: (Harvey) Additional references.	Comment by Meyer: (Meyer) Noting that connectivity should be discussed as a “continuous phenomenon” is different than saying that there is a gradient of connectivity.
	Comment by Murphy: (Murphy)





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996). This document was developed with funding from the EPA and it provides an effective way to characterize groundwater systems in diverse hydrogeological settings; (e.g., Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Aldous: (Aldous)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics.. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among thethese habitats often throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke et al. and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely., thus Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Fausch: (Fausch)	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Murphy: (Murphy)





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.	Comment by Benda: (Benda) The issue of characterizing the strength of connectivity by illustrating it (in words, examples and better yet by diagrams or sketches) for each EPA connectivity component (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could be included in this section.






· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of physical, hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 	Comment by Kolm: (Kolm)





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) important point





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report and, described in the context of connectivity between waters and wetlands and downgradient waters.  and shown to be critical to the biological integrity of these connected waters.





· In presenting this conceptual framework, the Report should also discuss the temporal and spatial significance of the various pathways to downstream water quality.	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





 


3.2.4.	Revising and Defining the Terminology Used in the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms would employ a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire Report. 	Comment by Kolm: (Kolm)
	Comment by Duncan: (Patten) this seems to imply that four dimensional is a biological characteristic ... it is fundamentally a hydrological characteristic on which other phenomenon are connected. At least that is my take on it....	Comment by Allan: (Allan ) See my comments in the general comments on the report. If non-floodplain wetlands is to become the preferred term, I would like to see this section of the SAB report expanded to explain the reasoning





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” which the SAB notes could be connected to downstream waters through subsurface connections. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Harvey: (Harvey)	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Johnson: (Johnson) Duration and extent.	Comment by Duncan: (Patten) or necessarily, hydrological isolation as many "isolated wetlands" have a connection to groundwater flows which eventually connect to larger water bodies.  Also, there is a whole literature on isolated wetlands so why should they drop the term as it is widely used. 





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) and also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact. Although EPA may want to call such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.	Comment by Allan: (Allan) This troubles me given that nowher4e to this point has the SAB review indicated what time scale it is considering (and later in the SAB Review the timeline is extended to thousands of years).	Comment by Benda: (Benda) Although true as a general conceptual principle, I think it needs to be qualified somewhere in the EPA Draft Report that in practical (policy) terms (human time frames, land use pressures, limits of understanding, strength of connection), not everything is connected to everything else (as mentioned by more than one of the public commenters, e.g., “everything is connected to everything else” is not useful, including in the context of recent Supreme Court decisions). It is the responsibility of regulatory agencies, using various measures of strength of connectivity, to determine, out of this general scientific principle, what types of connections need to be protected to maintain healthy aquatic ecosystems.	Comment by Duncan: (Patten) this idea is bothersome. Should we "define" what we mean... for example, the amount of time that a groundwater flow moves across a basin to connect with rivers????





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)





3.2.5.	Layers of Complexity in the Conceptual Framework	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report,





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhancedenhanced by connectivity connectivityand while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the report and explicitly made in the section on unidirectional wetlands. Including Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 	Comment by Duncan: (Patten) is this repetitive? If so, maybe good....	Comment by Fausch: (Fausch)	Comment by Johnson: (Johnson)	Comment by Duncan: (Patten) do we imply here that some waters are truly isolated?   Or is this covered by "relative isolation"?	Comment by Aldous: (Aldous)





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.
	Comment by Allan: (Allan) Might be an opportunity to clarify some important timeframes of freshwater connectivity, such as 100-year floods (while acknowledging that events on even longer time frames, such as debris movements, can be important). I am uncomfortable with an open-ended temporal scale that might appear to embrace very long time scales.





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are long- lived or cumulative. Long -lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure (including connectivity) and function of downgradient waters over the scale of decades. Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki 2007). 





The SAB recommends that the Report compare and contrast the humid eEast and the arid sSouthwest and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitudeare most impacted by frequently recurrent rainfall events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitudeare primarily shaped by lower frequency rainfall events. The latter are nono less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands. This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Fausch: (Fausch)	Comment by Fausch: (Fausch) I do not fully understand the point of this sentence.	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point	Comment by Duncan: (Patten) should give a groundwater example here.... all these are surface examples... groundwater withdrawal can decrease connectivity, for example.   Since we emphasize groundwater connections in the framework, we should give GW examples. 	Comment by Siobhan  F: (Fennessy) Add a final sentence that we recommend the Report incorporate the effects of human alterations on connectivity (to ensure we are clear)






Flow and Transport Forcings and Regionalization	Comment by Sullivan: (Sullivan) I find this subtitle to be a bit awkward





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for states such as Hawaii and Alaska.regions of highly unique ecohydrology. This problem has been identified by a number of public commenters. For example, Alaskan streams and wetlands reflect a climate and solar aspect that is not represented elsewhere and Hawaii is also unlike other part of the US. The arid Southwest experiences a unique combination of climate and geology that conspire to create highly discontinuous flow regimes and riparian ecosystems (RWRD 2008)      The EPA therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004).) or a similar system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.	Comment by Murphy: (Murphy) This sounds like ‘selling.’





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligibleat sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 may make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Duncan: (Patten) surface and groundwater	Comment by Sullivan: (Sullivan) I find sufficient spatial scale to be unclear.	Comment by Johnson: (Johnson) Link this to “integrity” which is an EPA concern.






Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Many sStudies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and planned future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Johnson: (Johnson)	Comment by Siobhan  F: (Fennessy) Is this the word we want?  Perhaps ‘reflects the combination’ or ‘the aggregation’?	Comment by Johnson: (Johnson)





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 	Comment by Duncan: (Patten) why does mapping resolution only apply to streams?  Why not also wetlands and other water related entities? 





It is critical that readers of the Report understand that many databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM.  (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) physical, chemical, and biological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances inin the  technology used for the analysis.	Comment by Johnson: (Johnson)





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.


· The Report could more explicitly mention of the issue of evaluating, measuring and predicting the strength of connectivity and thus the significance of connectivity effects could be included. Each component of the EPA’s Draft Report (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could include discussion covering the issue of strength of connectivity, ideally utilizing a real life example, model simulation or at minimum a conceptualization. 	Comment by Benda: (Benda) additional item.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the agency EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.	Comment by Josselyn: (Josselyn) I concur with this recommendation.
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands”. The SAB finds that the focus on hydrologic connections in Section 5.4 and elsewhere does not account for important biological exchanges, not transported stream flow, that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, shallow ground water, deep ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994), especially those that address material flows generated by avian fauna, be added to the Report. Findings from additional literature on theEvidence from the literature on biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are is overwhelming and is particularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Duncan: (Patten) I think this is stretching connectivity... this could connect almost any location. 	Comment by Johnson: (Johnson) Insert references provided by Rob Brooks here





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) this worries me... 





· The literature review should analyze the scientific literature to specifically address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. Geographic differences, especially as it relates to precipitation, should be analyzed. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian/floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 





Similarly the SAB recommends that Figure 1, shown below, be used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). 	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?











Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms. 	Comment by Kolm: (Kolm) Not accurate for all case histories: Terminal salt lakes and playas may also have strong hydrologic connections like we see in Nevada and Death Valley, CA. Recommend deliting the sentence or modifying it to include both end members.

General comment: Each of the case histories presented could use a cross-sectional diagram illustrating the hydrology and connectivity of the features and region. It is difficult for most readers to visualize these descriptions of structure and function. [6:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible based on the scientific literature and provide specific statements on where the literature is lacking or incomplete. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude, short duration floods may infrequently connect non-riparian/non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Sullivan: (Sullivan) It seems like a predictability framework could also vbe helpful in understanding the degree of connectivityoutlined here (e.g., waterfowl migration moves nutrients at high magnitudes at relatively predictable intervals).	Comment by Benda: (Benda) Although mentioned previously in these comments, the issue that all waters are connected over sufficiently long time scales is highlighted again using the scale “thousands of years”. How many thousands of years? 1, 10, 100, 1000?  If the SAB wants to encourage EPA to consider hydrologic-habitat connectivity at these extended time scales, perhaps it should provide some guidance on how to determine the strength of those connections, in the context of policy making which is the ultimate use of the EPA Connectivity Report. The issue of expanded time scales comes up in other areas of the SAB review including under “Recommendations” (Pg. 50, lines 6-7).
	Comment by Allan: (Allan) I feel this seemingly side-steps the issue of degree of connectivity and the gradient comcept.	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 	Comment by Duncan: (Patten) we have this recommendation earlier but does this weaken the connectivity argument as it can be interpreted as geological time (e.g., millennia). 	Comment by Allan: (Allan) Although this statement acknowledges variation in magnitude of connectivity, I think the SAB review should direct the EPA Report towards greater specificity, rather than towards very general statements that provide little guidance on the degree of connectivity. Might this be an opportunity to suggest that, while all systems are connected, the strength of connectivity is affected by many variables and is best decided on a case-by-case basis?





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are likely to be connected to downstream water (in various magnitudes) over sufficiently long time scales., yet the effects of these connections vary widely in magnitude across wetlands.	Comment by Murphy: (Murphy) Without the second clause this is an entirely different recommendation!





· The EPA should assess connectivity in terms of downstream effects, not just in terms of based upon the frequency, magnitude, or and duration of connections.	Comment by Murphy: (Murphy)





· The Report should emphasize that while that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales, such connections may not be relevant if they do not have important effects on downstream water quality. As a result, the Report should access connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 	Comment by Josselyn: (Josselyn) I suggest this to replace the two bullets above..








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013).. The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  In particular, extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts.	Comment by Fausch: (Fausch) Additional text.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways and to describe to the degree possible how connectivity may have been reduced or eliminated by such human disturbances.


[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Duncan: (Patten) for example????  years, decades, centuries... etc. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands (ASTM, 1996; Kolm, et. al, 1996), and can be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the fourfive pathways by which non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 





· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that, as has been done for prior conclusions, the authors remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a	Comment by Johnson: (Johnson) I think we can delete this, and include comments only on the key findings that require changes.





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of these man made wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity can occur between [non-floodplain] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”	Comment by Duncan: (Patten) this statement ultimately connects most wetlands and rivers regardless of proximity or any close geographic locations. 





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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From: Armitage, Thomas
To: ljohnson@d.umn.edu
Cc: adr79@cornell.edu; Goodman, Iris; emily.bernhardt@duke.edu
Subject: List of assignments for revision of SAB Connectivity Panel Report
Date: Friday, May 09, 2014 1:32:00 PM
Attachments: Johnson_action items_5_8_14.docx


SAB Connectivity Panel Draft Report_4_23_14 (markup).docx


Hi Lucinda,
 
Attached please find a list of your action items for revision of the SAB Connectivity Panel’s report. 
 These are based on my notes from the two teleconferences last week.  If possible, I would like to


 receive the revisions for Section 3.7 by Monday, May 19th .   I have also attached the word file of the
 4/23/14 markup draft.
 
I will incorporate your revisions into next draft of the report which will be sent to the Panel for


 review and discussion on the June 19th conference call.  Please feel free to call me if you have
 questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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Lucinda Johnson – Action Items from April 28 and May 2 Connectivity Panel Teleconferences





1. Section 3.7 will be revised as necessary to include a short subsection that discusses the most relevant spatial and temporal scales at which connectivity is viewed for the systems addressed in the section and how scales relate to the impacts (Johnson/Bernhardt)


2. Additional literature citations that will help the EPA better address cumulative and aggregate effects will be added to Section 3.2 of the report. Lead writers will be asked if any literature citations can be provided (Rosi-Marshall/Tank, Fennessy/Sullivan, Johnson/Bernhardt)


3. Page 50, line 39: Some of the references provided by Rob Brooks will be included (Johnson)


4. Page 50, line 25:  “human disturbance” will be changed to “human impacts.” (Johnson)


5. [bookmark: _GoBack]Recommendations will be reviewed to determine whether any of them should be combined or reordered. (Johnson/Bernhardt)
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This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. 	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on material flows generated by fauna, particularly avian fauna.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,





						








Science Advisory Board (SAB) Draft Report (4/23/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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[bookmark: _Toc58926855][bookmark: _Toc59252196][bookmark: _Toc65285546][bookmark: _Toc71962574][bookmark: _Toc72113549][bookmark: _Toc99930877][bookmark: _Toc260313039][bookmark: _Toc382414067][bookmark: _Toc385943122]EXECUTIVE SUMMARY	Comment by Murphy: (Murphy) I haven’t edited the ES and Introduction since they might need a complete overhaul. This said, I found these two parts of the report very well written, reflective of the group concensus, and without much need of change. Id like to see the rest of the report brought up to the same level of clarity.	Comment by Josselyn: (Josselyn) See comments on the executive summary that are included in the Panel’s general comments.	Comment by Johnson: (Johnson) Have we sufficiently addressed the role of humans in changing / exacerbating natural disturbance regimes and the subsequent impact on connectivity?  E.g., drought impacts on connectivity are exacerbated by water extraction; wetland drainage, channelization,





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for Unidirectional Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and “geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birds is important as they spatially integrate these wetlands through their movements. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) a wishy washy statement.... too all inclusive which brings us back to the concept of  "sufficiently long time scale".... what does that mean or imply? 





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.
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2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There must be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on downstream water quality. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure	Comment by Murphy: (Murphy)  See general comments. Need to provide a conceptual model.


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that the literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, thea conceptual frameworkmodel for ecological connectivity needs to be revised and clearly articulated at the beginning of the Chapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous  physical, hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity, such as the influence of human activities, should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 	Comment by Meyer: (Meyer)  Don’t need this first sentence, which is just a restatement of the charge question written in the lines above it.
	Comment by Duncan: (Patten) this implies that no new important citations are or will be suggested.   Is that so? 	Comment by Murphy: (Murphy)	Comment by Benda: (Benda) Here and in numerous other places in the SAB review document, the need for an improved conceptual framework expressed as continuous (4 dimensional) hydrological, chemical, and biological flowpaths is mentioned. It would be helpful to EPA if the SAB could provide additional guidance (illustrative) on what that conceptual framework might look like. In addition, here and in numerous other places in the SAB review document, the term “hydrological us used. I think that if “hydrological” is to be understood to be all encompassing, then here and at a few other strategic locations in the SAB review document, this should be clarified. 

	Comment by Murphy: (Murphy) We have stated that discontinuity needs to be addressed, too.	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) provide an example of the “commonly used terminology” that we are requesting them to use.
	Comment by Meyer: (Meyer) I read this paragraph as a summary of our recommendations.  If that is the case, then (5) needs to be more complete.   It should be replaced with “5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report.”  Otherwise, without that explicit list, it makes it sound as though we don’t care about those recommendations.






3.2.1.	Defining Connectivity	Comment by Josselyn: (Josselyn) See my recommendation included in the general comments on the draft report.





Because connectivity can be defined in many ways, the Report needs to define and concisely discuss what is meant by “connectivity” at the beginning of Chapter 3. Currently, connectivity is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





Recommendations





· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report, and a discussion included on how the scientific literature was used to establish the degree to which such connectivity was determined to have an effect on downstream water quality.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





3.2.2.	Defining the Scope of the Report	Comment by Josselyn: (Josselyn) See my recommendation on this section in the general comments on the draft report.





The SAB finds that the scope of the Report, with respect to the types of wetlands and water bodies covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various water bodies and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However; however, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of water bodies and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the wetland definition of Cowardin et al. (1979) to describe wetlands, and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. definition of a wetland was used[footnoteRef:4]. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.	Comment by Murphy: (Murphy) I am still not comfortable about using Cowardin et al 1979. The report is attempting to define what water bodies, wetlands or otherwise are included in the WUSA definition. Cowardin was developed to address other regulatory needs. The EPA report needs to develop its own definition.	Comment by Siobhan  F: (Fennessy) An excellent account of our discussion  [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.]  [4: 2 In response to questions from the SAB about the use of the “one parameter” wetland classification, EPA scientists explained that much of the scientific literature does not specify the method used to delineate the wetlands under study. Thus, EPA scientists used the broader ‘one parameter” definition of wetlands to more fully assess the entirety of the available scientific literature.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining what are considered waters and wetlands.	Comment by Sullivan: (Sullivan) And other water bodies?





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as wetlands or other water bodies (see discussion in Section 3.5.2 of this report). The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





· The differences between the wetland and waters definitions used in the Clean Water Act regulations and those used in the Report should be clearly explained. The Report should document, based on the scientific literature, what differences this may have on determining the degree of connectivity between wetlands and waters with downstream water quality.	Comment by Josselyn: (Josselyn) new recommendation.





3.2.3.	Use of a Flowpath Framework	Comment by Murphy: (Murphy) This is a crucial section. The writing needs to be simplified and made more concise. Further, the SAB report needs to write this to provide clear concepts and resultant terminology that consistently inform the entire rest of the discussion. 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and areprimarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 	Comment by Duncan: (Patten) This may be the most critical recommendation of our report.  This framework either demonstrates the connectivity that is important or side steps the often critical but ignored connections. 	Comment by Benda: (Benda) See previous comment about the use of the term “hydrological.”	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) this statement  or the parenthetical part of it should follow  the statement earlier about "highlighting four dimensional nature...."





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of physical, hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., physical= brown, hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (e.g., .. For example, the Ogallala aquifer) underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina. Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling that transitions to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.	Comment by Tank: (Tank) The description of the revision of Figure 1-1 (to be new Figure 3-1?) is somewhat long and a bit confusing. Perhaps it would be more effective if an example of new figure was inserted here? 	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) include  in examples deep  carbonate aquifer cross basin connections such as found in the Great Basin	Comment by Aldous: (Aldous)	Comment by Allan: (Allan) Is reference to the Ogallala aquifer relevant? I thought this was a deep aquifer with relatively little connection to surface water and shallow ground water. If that is so, we are extending our time horizon to very long geological time.	Comment by Allison Aldous: (Aldous)  This section needs specific citations





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains.. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) see above comment. This is important because impacting GW in one basin can effect flows in another including flows of rivers. 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, groundwater, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). In all three block diagrams, bedrock groundwater systems and flowpaths should be included to illustrate subregional/regional connectivity.	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)





Some editorial or technical corrections are needed in the Report to address various omissions, inconsistencies, and errors in the hydrology section, as well as other sections, of the Report. These and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 	Comment by Aldous: (Aldous)





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by (Horton (1945). 	Comment by Murphy: (Murphy) I’m not sure this distinction, which is difficult for non-hydrologists to understand, is important. Just call it Excess Overland Flow and cite the two papers.	Comment by Aldous: (Aldous)





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by (Dunne and Black1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further discuss variable source explain how areas and how theycontributing runoff expand and contract, and therefore changechanging the way that landscapes connect through storms and seasons (Dunne and Black 1970). Variable source areas have particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which are highly variable in space and time. The incomplete discussion of variable source areas is a critical shortcoming of the current version of the Report because it is through variable source areaThe expansion that waters and wetlandsof runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally becomechange the headward extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendationvariability suggests that connectivity be discussed as a continuous phenomenon.within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely and has organized the Report in sections, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscapes are considered to be discrete, it is important to clearly state that; however, the lines delineating these landscape categories are conceptual and/or fluid, i.e., that there areis no fixed bright lines betweenscientific consensus on separating the categories.	Comment by Murphy: (Murphy)	Comment by Harvey: (Harvey) Additional references.	Comment by Meyer: (Meyer) Noting that connectivity should be discussed as a “continuous phenomenon” is different than saying that there is a gradient of connectivity.
	Comment by Murphy: (Murphy)





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996). This document was developed with funding from the EPA and it provides an effective way to characterize groundwater systems in diverse hydrogeological settings; (e.g., Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Aldous: (Aldous)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics.. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among thethese habitats often throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke et al. and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely., thus Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Fausch: (Fausch)	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Murphy: (Murphy)





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.	Comment by Benda: (Benda) The issue of characterizing the strength of connectivity by illustrating it (in words, examples and better yet by diagrams or sketches) for each EPA connectivity component (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could be included in this section.






· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of physical, hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 	Comment by Kolm: (Kolm)





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) important point





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report and, described in the context of connectivity between waters and wetlands and downgradient waters.  and shown to be critical to the biological integrity of these connected waters.





· In presenting this conceptual framework, the Report should also discuss the temporal and spatial significance of the various pathways to downstream water quality.	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





 


3.2.4.	Revising and Defining the Terminology Used in the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms would employ a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire Report. 	Comment by Kolm: (Kolm)
	Comment by Duncan: (Patten) this seems to imply that four dimensional is a biological characteristic ... it is fundamentally a hydrological characteristic on which other phenomenon are connected. At least that is my take on it....	Comment by Allan: (Allan ) See my comments in the general comments on the report. If non-floodplain wetlands is to become the preferred term, I would like to see this section of the SAB report expanded to explain the reasoning





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” which the SAB notes could be connected to downstream waters through subsurface connections. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Harvey: (Harvey)	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Johnson: (Johnson) Duration and extent.	Comment by Duncan: (Patten) or necessarily, hydrological isolation as many "isolated wetlands" have a connection to groundwater flows which eventually connect to larger water bodies.  Also, there is a whole literature on isolated wetlands so why should they drop the term as it is widely used. 





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) and also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact. Although EPA may want to call such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.	Comment by Allan: (Allan) This troubles me given that nowher4e to this point has the SAB review indicated what time scale it is considering (and later in the SAB Review the timeline is extended to thousands of years).	Comment by Benda: (Benda) Although true as a general conceptual principle, I think it needs to be qualified somewhere in the EPA Draft Report that in practical (policy) terms (human time frames, land use pressures, limits of understanding, strength of connection), not everything is connected to everything else (as mentioned by more than one of the public commenters, e.g., “everything is connected to everything else” is not useful, including in the context of recent Supreme Court decisions). It is the responsibility of regulatory agencies, using various measures of strength of connectivity, to determine, out of this general scientific principle, what types of connections need to be protected to maintain healthy aquatic ecosystems.	Comment by Duncan: (Patten) this idea is bothersome. Should we "define" what we mean... for example, the amount of time that a groundwater flow moves across a basin to connect with rivers????





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)





3.2.5.	Layers of Complexity in the Conceptual Framework	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report,





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhancedenhanced by connectivity connectivityand while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the report and explicitly made in the section on unidirectional wetlands. Including Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 	Comment by Duncan: (Patten) is this repetitive? If so, maybe good....	Comment by Fausch: (Fausch)	Comment by Johnson: (Johnson)	Comment by Duncan: (Patten) do we imply here that some waters are truly isolated?   Or is this covered by "relative isolation"?	Comment by Aldous: (Aldous)





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.
	Comment by Allan: (Allan) Might be an opportunity to clarify some important timeframes of freshwater connectivity, such as 100-year floods (while acknowledging that events on even longer time frames, such as debris movements, can be important). I am uncomfortable with an open-ended temporal scale that might appear to embrace very long time scales.





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are long- lived or cumulative. Long -lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure (including connectivity) and function of downgradient waters over the scale of decades. Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki 2007). 





The SAB recommends that the Report compare and contrast the humid eEast and the arid sSouthwest and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitudeare most impacted by frequently recurrent rainfall events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitudeare primarily shaped by lower frequency rainfall events. The latter are nono less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands. This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Fausch: (Fausch)	Comment by Fausch: (Fausch) I do not fully understand the point of this sentence.	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point	Comment by Duncan: (Patten) should give a groundwater example here.... all these are surface examples... groundwater withdrawal can decrease connectivity, for example.   Since we emphasize groundwater connections in the framework, we should give GW examples. 	Comment by Siobhan  F: (Fennessy) Add a final sentence that we recommend the Report incorporate the effects of human alterations on connectivity (to ensure we are clear)






Flow and Transport Forcings and Regionalization	Comment by Sullivan: (Sullivan) I find this subtitle to be a bit awkward





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for states such as Hawaii and Alaska.regions of highly unique ecohydrology. This problem has been identified by a number of public commenters. For example, Alaskan streams and wetlands reflect a climate and solar aspect that is not represented elsewhere and Hawaii is also unlike other part of the US. The arid Southwest experiences a unique combination of climate and geology that conspire to create highly discontinuous flow regimes and riparian ecosystems (RWRD 2008)      The EPA therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004).) or a similar system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.	Comment by Murphy: (Murphy) This sounds like ‘selling.’





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligibleat sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 may make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Duncan: (Patten) surface and groundwater	Comment by Sullivan: (Sullivan) I find sufficient spatial scale to be unclear.	Comment by Johnson: (Johnson) Link this to “integrity” which is an EPA concern.






Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Many sStudies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and planned future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Johnson: (Johnson)	Comment by Siobhan  F: (Fennessy) Is this the word we want?  Perhaps ‘reflects the combination’ or ‘the aggregation’?	Comment by Johnson: (Johnson)





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 	Comment by Duncan: (Patten) why does mapping resolution only apply to streams?  Why not also wetlands and other water related entities? 





It is critical that readers of the Report understand that many databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM.  (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) physical, chemical, and biological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances inin the  technology used for the analysis.	Comment by Johnson: (Johnson)





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.


· The Report could more explicitly mention of the issue of evaluating, measuring and predicting the strength of connectivity and thus the significance of connectivity effects could be included. Each component of the EPA’s Draft Report (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could include discussion covering the issue of strength of connectivity, ideally utilizing a real life example, model simulation or at minimum a conceptualization. 	Comment by Benda: (Benda) additional item.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the agency EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.	Comment by Josselyn: (Josselyn) I concur with this recommendation.
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands”. The SAB finds that the focus on hydrologic connections in Section 5.4 and elsewhere does not account for important biological exchanges, not transported stream flow, that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, shallow ground water, deep ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994), especially those that address material flows generated by avian fauna, be added to the Report. Findings from additional literature on theEvidence from the literature on biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are is overwhelming and is particularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Duncan: (Patten) I think this is stretching connectivity... this could connect almost any location. 	Comment by Johnson: (Johnson) Insert references provided by Rob Brooks here





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) this worries me... 





· The literature review should analyze the scientific literature to specifically address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. Geographic differences, especially as it relates to precipitation, should be analyzed. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian/floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 





Similarly the SAB recommends that Figure 1, shown below, be used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). 	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?











Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms. 	Comment by Kolm: (Kolm) Not accurate for all case histories: Terminal salt lakes and playas may also have strong hydrologic connections like we see in Nevada and Death Valley, CA. Recommend deliting the sentence or modifying it to include both end members.

General comment: Each of the case histories presented could use a cross-sectional diagram illustrating the hydrology and connectivity of the features and region. It is difficult for most readers to visualize these descriptions of structure and function. [6:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible based on the scientific literature and provide specific statements on where the literature is lacking or incomplete. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude, short duration floods may infrequently connect non-riparian/non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Sullivan: (Sullivan) It seems like a predictability framework could also vbe helpful in understanding the degree of connectivityoutlined here (e.g., waterfowl migration moves nutrients at high magnitudes at relatively predictable intervals).	Comment by Benda: (Benda) Although mentioned previously in these comments, the issue that all waters are connected over sufficiently long time scales is highlighted again using the scale “thousands of years”. How many thousands of years? 1, 10, 100, 1000?  If the SAB wants to encourage EPA to consider hydrologic-habitat connectivity at these extended time scales, perhaps it should provide some guidance on how to determine the strength of those connections, in the context of policy making which is the ultimate use of the EPA Connectivity Report. The issue of expanded time scales comes up in other areas of the SAB review including under “Recommendations” (Pg. 50, lines 6-7).
	Comment by Allan: (Allan) I feel this seemingly side-steps the issue of degree of connectivity and the gradient comcept.	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 	Comment by Duncan: (Patten) we have this recommendation earlier but does this weaken the connectivity argument as it can be interpreted as geological time (e.g., millennia). 	Comment by Allan: (Allan) Although this statement acknowledges variation in magnitude of connectivity, I think the SAB review should direct the EPA Report towards greater specificity, rather than towards very general statements that provide little guidance on the degree of connectivity. Might this be an opportunity to suggest that, while all systems are connected, the strength of connectivity is affected by many variables and is best decided on a case-by-case basis?





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are likely to be connected to downstream water (in various magnitudes) over sufficiently long time scales., yet the effects of these connections vary widely in magnitude across wetlands.	Comment by Murphy: (Murphy) Without the second clause this is an entirely different recommendation!





· The EPA should assess connectivity in terms of downstream effects, not just in terms of based upon the frequency, magnitude, or and duration of connections.	Comment by Murphy: (Murphy)





· The Report should emphasize that while that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales, such connections may not be relevant if they do not have important effects on downstream water quality. As a result, the Report should access connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 	Comment by Josselyn: (Josselyn) I suggest this to replace the two bullets above..








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013).. The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  In particular, extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts.	Comment by Fausch: (Fausch) Additional text.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways and to describe to the degree possible how connectivity may have been reduced or eliminated by such human disturbances.


[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Duncan: (Patten) for example????  years, decades, centuries... etc. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands (ASTM, 1996; Kolm, et. al, 1996), and can be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the fourfive pathways by which non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 





· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that, as has been done for prior conclusions, the authors remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a	Comment by Johnson: (Johnson) I think we can delete this, and include comments only on the key findings that require changes.





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of these man made wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity can occur between [non-floodplain] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”	Comment by Duncan: (Patten) this statement ultimately connects most wetlands and rivers regardless of proximity or any close geographic locations. 





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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From: Armitage, Thomas
To: sullivan.191@osu.edu
Cc: adr79@cornell.edu; Goodman, Iris; fennessym@kenyon.edu
Subject: List of assignments for revision of SAB Connectivity Panel Report
Date: Friday, May 09, 2014 1:26:00 PM
Attachments: sullivan_action items_5_8_14.docx


SAB Connectivity Panel Draft Report_4_23_14 (markup).docx


Hi Mazeika,
 
Attached please find a list of your action items for revision of the SAB Connectivity Panel’s report. 
 These are based on my notes from the two teleconferences last week.  If possible, I would like to


 receive the revisions for Sections 3.6 by Monday, May 19th .   I have also attached the word file of
 the 4/23/14 markup draft.
 
I will incorporate your revisions into next draft of the report which will be sent to the Panel for


 review and discussion on the June 19th conference call.  Please feel free to call me if you have
 questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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Mazeika Sullivan – Action Items from April 28 and May 2 Connectivity Panel Teleconferences





1. Section 3.5 will be revised as necessary to include a short subsection that discusses the most relevant spatial and temporal scales at which connectivity is viewed for the system addressed in the section and how scales relate to the impacts (Fennessy/Sullivan) NOTE: SECTION 3.5.3 ALREADY ADDRESSES THIS TOPIC.





2. Additional literature citations that will help the EPA better address cumulative and aggregate effects will be added to Section 3.2 of the report. Lead writers will be asked if any literature citations can be provided (Rosi-Marshall/Tank, Fennessy/Sullivan, Johnson/Bernhardt)





3. Text on page 47, lines 2-22 (temporal component) and page 48, lines 16-21 (export vs exchange) will be moved into the response to charge question 4(a).  (Fennessy/Sullivan)





4. Page 45, lines 35-47 and Page 46, lines 1-2: The text will be clarified to indicate that it is appropriate to include the science related to floodplain areas in the EPA report (i.e., occasional connectivity of floodplain areas plays an important role in river hydrology). (Sullivan)





5. Page 47, line 47: The text will be revised to indicate that there is an opportunity to link the discussion of the role of wetlands and waters in storing and transforming chemical constituents to the regulation and management of chemical contaminants. (Sullivan)





6. Page 48, line 40: the discussion of probability trees will be included in the conceptual framework (section 3.2) not in section 3.6. Mark Murphy will provide information for this. (Sullivan)





7. [bookmark: _GoBack]Other comments and edits in section 3.6 will be included. (Sullivan)





8. Recommendations will be reviewed to determine whether any should be combined or reordered. (Sullivan)





9. Literature citations and additional brief text on metrics of connectivity will be included. The additional references and text will be provided by Kolm, Sullivan, Murphy, and Harvey (Kolm – for groundwater/surface water modeling studies; Sullivan – for relative connectivity;  Murphy; Harvey ) (Chair will insert the material provided by the panel members)
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This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. 	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on material flows generated by fauna, particularly avian fauna.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,





						








Science Advisory Board (SAB) Draft Report (4/23/14) to Assist Meeting Deliberations - Do not Cite or Quote
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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[bookmark: _Toc58926855][bookmark: _Toc59252196][bookmark: _Toc65285546][bookmark: _Toc71962574][bookmark: _Toc72113549][bookmark: _Toc99930877][bookmark: _Toc260313039][bookmark: _Toc382414067][bookmark: _Toc385943122]EXECUTIVE SUMMARY	Comment by Murphy: (Murphy) I haven’t edited the ES and Introduction since they might need a complete overhaul. This said, I found these two parts of the report very well written, reflective of the group concensus, and without much need of change. Id like to see the rest of the report brought up to the same level of clarity.	Comment by Josselyn: (Josselyn) See comments on the executive summary that are included in the Panel’s general comments.	Comment by Johnson: (Johnson) Have we sufficiently addressed the role of humans in changing / exacerbating natural disturbance regimes and the subsequent impact on connectivity?  E.g., drought impacts on connectivity are exacerbated by water extraction; wetland drainage, channelization,





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for Unidirectional Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and “geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birds is important as they spatially integrate these wetlands through their movements. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) a wishy washy statement.... too all inclusive which brings us back to the concept of  "sufficiently long time scale".... what does that mean or imply? 





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc385943123]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There must be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on downstream water quality. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure	Comment by Murphy: (Murphy)  See general comments. Need to provide a conceptual model.


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that the literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, thea conceptual frameworkmodel for ecological connectivity needs to be revised and clearly articulated at the beginning of the Chapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous  physical, hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity, such as the influence of human activities, should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 	Comment by Meyer: (Meyer)  Don’t need this first sentence, which is just a restatement of the charge question written in the lines above it.
	Comment by Duncan: (Patten) this implies that no new important citations are or will be suggested.   Is that so? 	Comment by Murphy: (Murphy)	Comment by Benda: (Benda) Here and in numerous other places in the SAB review document, the need for an improved conceptual framework expressed as continuous (4 dimensional) hydrological, chemical, and biological flowpaths is mentioned. It would be helpful to EPA if the SAB could provide additional guidance (illustrative) on what that conceptual framework might look like. In addition, here and in numerous other places in the SAB review document, the term “hydrological us used. I think that if “hydrological” is to be understood to be all encompassing, then here and at a few other strategic locations in the SAB review document, this should be clarified. 

	Comment by Murphy: (Murphy) We have stated that discontinuity needs to be addressed, too.	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) provide an example of the “commonly used terminology” that we are requesting them to use.
	Comment by Meyer: (Meyer) I read this paragraph as a summary of our recommendations.  If that is the case, then (5) needs to be more complete.   It should be replaced with “5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report.”  Otherwise, without that explicit list, it makes it sound as though we don’t care about those recommendations.






3.2.1.	Defining Connectivity	Comment by Josselyn: (Josselyn) See my recommendation included in the general comments on the draft report.





Because connectivity can be defined in many ways, the Report needs to define and concisely discuss what is meant by “connectivity” at the beginning of Chapter 3. Currently, connectivity is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





Recommendations





· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report, and a discussion included on how the scientific literature was used to establish the degree to which such connectivity was determined to have an effect on downstream water quality.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





3.2.2.	Defining the Scope of the Report	Comment by Josselyn: (Josselyn) See my recommendation on this section in the general comments on the draft report.





The SAB finds that the scope of the Report, with respect to the types of wetlands and water bodies covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various water bodies and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However; however, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of water bodies and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the wetland definition of Cowardin et al. (1979) to describe wetlands, and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. definition of a wetland was used[footnoteRef:4]. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.	Comment by Murphy: (Murphy) I am still not comfortable about using Cowardin et al 1979. The report is attempting to define what water bodies, wetlands or otherwise are included in the WUSA definition. Cowardin was developed to address other regulatory needs. The EPA report needs to develop its own definition.	Comment by Siobhan  F: (Fennessy) An excellent account of our discussion  [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.]  [4: 2 In response to questions from the SAB about the use of the “one parameter” wetland classification, EPA scientists explained that much of the scientific literature does not specify the method used to delineate the wetlands under study. Thus, EPA scientists used the broader ‘one parameter” definition of wetlands to more fully assess the entirety of the available scientific literature.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining what are considered waters and wetlands.	Comment by Sullivan: (Sullivan) And other water bodies?





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as wetlands or other water bodies (see discussion in Section 3.5.2 of this report). The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





· The differences between the wetland and waters definitions used in the Clean Water Act regulations and those used in the Report should be clearly explained. The Report should document, based on the scientific literature, what differences this may have on determining the degree of connectivity between wetlands and waters with downstream water quality.	Comment by Josselyn: (Josselyn) new recommendation.





3.2.3.	Use of a Flowpath Framework	Comment by Murphy: (Murphy) This is a crucial section. The writing needs to be simplified and made more concise. Further, the SAB report needs to write this to provide clear concepts and resultant terminology that consistently inform the entire rest of the discussion. 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and areprimarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 	Comment by Duncan: (Patten) This may be the most critical recommendation of our report.  This framework either demonstrates the connectivity that is important or side steps the often critical but ignored connections. 	Comment by Benda: (Benda) See previous comment about the use of the term “hydrological.”	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) this statement  or the parenthetical part of it should follow  the statement earlier about "highlighting four dimensional nature...."





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of physical, hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., physical= brown, hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (e.g., .. For example, the Ogallala aquifer) underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina. Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling that transitions to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.	Comment by Tank: (Tank) The description of the revision of Figure 1-1 (to be new Figure 3-1?) is somewhat long and a bit confusing. Perhaps it would be more effective if an example of new figure was inserted here? 	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) include  in examples deep  carbonate aquifer cross basin connections such as found in the Great Basin	Comment by Aldous: (Aldous)	Comment by Allan: (Allan) Is reference to the Ogallala aquifer relevant? I thought this was a deep aquifer with relatively little connection to surface water and shallow ground water. If that is so, we are extending our time horizon to very long geological time.	Comment by Allison Aldous: (Aldous)  This section needs specific citations





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains.. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) see above comment. This is important because impacting GW in one basin can effect flows in another including flows of rivers. 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, groundwater, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). In all three block diagrams, bedrock groundwater systems and flowpaths should be included to illustrate subregional/regional connectivity.	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)





Some editorial or technical corrections are needed in the Report to address various omissions, inconsistencies, and errors in the hydrology section, as well as other sections, of the Report. These and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 	Comment by Aldous: (Aldous)





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by (Horton (1945). 	Comment by Murphy: (Murphy) I’m not sure this distinction, which is difficult for non-hydrologists to understand, is important. Just call it Excess Overland Flow and cite the two papers.	Comment by Aldous: (Aldous)





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by (Dunne and Black1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further discuss variable source explain how areas and how theycontributing runoff expand and contract, and therefore changechanging the way that landscapes connect through storms and seasons (Dunne and Black 1970). Variable source areas have particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which are highly variable in space and time. The incomplete discussion of variable source areas is a critical shortcoming of the current version of the Report because it is through variable source areaThe expansion that waters and wetlandsof runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally becomechange the headward extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendationvariability suggests that connectivity be discussed as a continuous phenomenon.within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely and has organized the Report in sections, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscapes are considered to be discrete, it is important to clearly state that; however, the lines delineating these landscape categories are conceptual and/or fluid, i.e., that there areis no fixed bright lines betweenscientific consensus on separating the categories.	Comment by Murphy: (Murphy)	Comment by Harvey: (Harvey) Additional references.	Comment by Meyer: (Meyer) Noting that connectivity should be discussed as a “continuous phenomenon” is different than saying that there is a gradient of connectivity.
	Comment by Murphy: (Murphy)





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996). This document was developed with funding from the EPA and it provides an effective way to characterize groundwater systems in diverse hydrogeological settings; (e.g., Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Aldous: (Aldous)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics.. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among thethese habitats often throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke et al. and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely., thus Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Fausch: (Fausch)	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Murphy: (Murphy)





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.	Comment by Benda: (Benda) The issue of characterizing the strength of connectivity by illustrating it (in words, examples and better yet by diagrams or sketches) for each EPA connectivity component (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could be included in this section.






· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of physical, hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 	Comment by Kolm: (Kolm)





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) important point





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report and, described in the context of connectivity between waters and wetlands and downgradient waters.  and shown to be critical to the biological integrity of these connected waters.





· In presenting this conceptual framework, the Report should also discuss the temporal and spatial significance of the various pathways to downstream water quality.	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





 


3.2.4.	Revising and Defining the Terminology Used in the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms would employ a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire Report. 	Comment by Kolm: (Kolm)
	Comment by Duncan: (Patten) this seems to imply that four dimensional is a biological characteristic ... it is fundamentally a hydrological characteristic on which other phenomenon are connected. At least that is my take on it....	Comment by Allan: (Allan ) See my comments in the general comments on the report. If non-floodplain wetlands is to become the preferred term, I would like to see this section of the SAB report expanded to explain the reasoning





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” which the SAB notes could be connected to downstream waters through subsurface connections. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Harvey: (Harvey)	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Johnson: (Johnson) Duration and extent.	Comment by Duncan: (Patten) or necessarily, hydrological isolation as many "isolated wetlands" have a connection to groundwater flows which eventually connect to larger water bodies.  Also, there is a whole literature on isolated wetlands so why should they drop the term as it is widely used. 





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) and also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact. Although EPA may want to call such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.	Comment by Allan: (Allan) This troubles me given that nowher4e to this point has the SAB review indicated what time scale it is considering (and later in the SAB Review the timeline is extended to thousands of years).	Comment by Benda: (Benda) Although true as a general conceptual principle, I think it needs to be qualified somewhere in the EPA Draft Report that in practical (policy) terms (human time frames, land use pressures, limits of understanding, strength of connection), not everything is connected to everything else (as mentioned by more than one of the public commenters, e.g., “everything is connected to everything else” is not useful, including in the context of recent Supreme Court decisions). It is the responsibility of regulatory agencies, using various measures of strength of connectivity, to determine, out of this general scientific principle, what types of connections need to be protected to maintain healthy aquatic ecosystems.	Comment by Duncan: (Patten) this idea is bothersome. Should we "define" what we mean... for example, the amount of time that a groundwater flow moves across a basin to connect with rivers????





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)





3.2.5.	Layers of Complexity in the Conceptual Framework	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report,





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhancedenhanced by connectivity connectivityand while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the report and explicitly made in the section on unidirectional wetlands. Including Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 	Comment by Duncan: (Patten) is this repetitive? If so, maybe good....	Comment by Fausch: (Fausch)	Comment by Johnson: (Johnson)	Comment by Duncan: (Patten) do we imply here that some waters are truly isolated?   Or is this covered by "relative isolation"?	Comment by Aldous: (Aldous)





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.
	Comment by Allan: (Allan) Might be an opportunity to clarify some important timeframes of freshwater connectivity, such as 100-year floods (while acknowledging that events on even longer time frames, such as debris movements, can be important). I am uncomfortable with an open-ended temporal scale that might appear to embrace very long time scales.





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are long- lived or cumulative. Long -lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure (including connectivity) and function of downgradient waters over the scale of decades. Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki 2007). 





The SAB recommends that the Report compare and contrast the humid eEast and the arid sSouthwest and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitudeare most impacted by frequently recurrent rainfall events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitudeare primarily shaped by lower frequency rainfall events. The latter are nono less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands. This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Fausch: (Fausch)	Comment by Fausch: (Fausch) I do not fully understand the point of this sentence.	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point	Comment by Duncan: (Patten) should give a groundwater example here.... all these are surface examples... groundwater withdrawal can decrease connectivity, for example.   Since we emphasize groundwater connections in the framework, we should give GW examples. 	Comment by Siobhan  F: (Fennessy) Add a final sentence that we recommend the Report incorporate the effects of human alterations on connectivity (to ensure we are clear)






Flow and Transport Forcings and Regionalization	Comment by Sullivan: (Sullivan) I find this subtitle to be a bit awkward





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for states such as Hawaii and Alaska.regions of highly unique ecohydrology. This problem has been identified by a number of public commenters. For example, Alaskan streams and wetlands reflect a climate and solar aspect that is not represented elsewhere and Hawaii is also unlike other part of the US. The arid Southwest experiences a unique combination of climate and geology that conspire to create highly discontinuous flow regimes and riparian ecosystems (RWRD 2008)      The EPA therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004).) or a similar system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.	Comment by Murphy: (Murphy) This sounds like ‘selling.’





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligibleat sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 may make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Duncan: (Patten) surface and groundwater	Comment by Sullivan: (Sullivan) I find sufficient spatial scale to be unclear.	Comment by Johnson: (Johnson) Link this to “integrity” which is an EPA concern.






Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Many sStudies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and planned future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Johnson: (Johnson)	Comment by Siobhan  F: (Fennessy) Is this the word we want?  Perhaps ‘reflects the combination’ or ‘the aggregation’?	Comment by Johnson: (Johnson)





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 	Comment by Duncan: (Patten) why does mapping resolution only apply to streams?  Why not also wetlands and other water related entities? 





It is critical that readers of the Report understand that many databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM.  (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) physical, chemical, and biological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances inin the  technology used for the analysis.	Comment by Johnson: (Johnson)





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.


· The Report could more explicitly mention of the issue of evaluating, measuring and predicting the strength of connectivity and thus the significance of connectivity effects could be included. Each component of the EPA’s Draft Report (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could include discussion covering the issue of strength of connectivity, ideally utilizing a real life example, model simulation or at minimum a conceptualization. 	Comment by Benda: (Benda) additional item.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the agency EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.	Comment by Josselyn: (Josselyn) I concur with this recommendation.
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands”. The SAB finds that the focus on hydrologic connections in Section 5.4 and elsewhere does not account for important biological exchanges, not transported stream flow, that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, shallow ground water, deep ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994), especially those that address material flows generated by avian fauna, be added to the Report. Findings from additional literature on theEvidence from the literature on biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are is overwhelming and is particularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Duncan: (Patten) I think this is stretching connectivity... this could connect almost any location. 	Comment by Johnson: (Johnson) Insert references provided by Rob Brooks here





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) this worries me... 





· The literature review should analyze the scientific literature to specifically address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. Geographic differences, especially as it relates to precipitation, should be analyzed. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian/floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 





Similarly the SAB recommends that Figure 1, shown below, be used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). 	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?











Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms. 	Comment by Kolm: (Kolm) Not accurate for all case histories: Terminal salt lakes and playas may also have strong hydrologic connections like we see in Nevada and Death Valley, CA. Recommend deliting the sentence or modifying it to include both end members.

General comment: Each of the case histories presented could use a cross-sectional diagram illustrating the hydrology and connectivity of the features and region. It is difficult for most readers to visualize these descriptions of structure and function. [6:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible based on the scientific literature and provide specific statements on where the literature is lacking or incomplete. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude, short duration floods may infrequently connect non-riparian/non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Sullivan: (Sullivan) It seems like a predictability framework could also vbe helpful in understanding the degree of connectivityoutlined here (e.g., waterfowl migration moves nutrients at high magnitudes at relatively predictable intervals).	Comment by Benda: (Benda) Although mentioned previously in these comments, the issue that all waters are connected over sufficiently long time scales is highlighted again using the scale “thousands of years”. How many thousands of years? 1, 10, 100, 1000?  If the SAB wants to encourage EPA to consider hydrologic-habitat connectivity at these extended time scales, perhaps it should provide some guidance on how to determine the strength of those connections, in the context of policy making which is the ultimate use of the EPA Connectivity Report. The issue of expanded time scales comes up in other areas of the SAB review including under “Recommendations” (Pg. 50, lines 6-7).
	Comment by Allan: (Allan) I feel this seemingly side-steps the issue of degree of connectivity and the gradient comcept.	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 	Comment by Duncan: (Patten) we have this recommendation earlier but does this weaken the connectivity argument as it can be interpreted as geological time (e.g., millennia). 	Comment by Allan: (Allan) Although this statement acknowledges variation in magnitude of connectivity, I think the SAB review should direct the EPA Report towards greater specificity, rather than towards very general statements that provide little guidance on the degree of connectivity. Might this be an opportunity to suggest that, while all systems are connected, the strength of connectivity is affected by many variables and is best decided on a case-by-case basis?





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are likely to be connected to downstream water (in various magnitudes) over sufficiently long time scales., yet the effects of these connections vary widely in magnitude across wetlands.	Comment by Murphy: (Murphy) Without the second clause this is an entirely different recommendation!





· The EPA should assess connectivity in terms of downstream effects, not just in terms of based upon the frequency, magnitude, or and duration of connections.	Comment by Murphy: (Murphy)





· The Report should emphasize that while that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales, such connections may not be relevant if they do not have important effects on downstream water quality. As a result, the Report should access connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 	Comment by Josselyn: (Josselyn) I suggest this to replace the two bullets above..








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013).. The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  In particular, extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts.	Comment by Fausch: (Fausch) Additional text.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways and to describe to the degree possible how connectivity may have been reduced or eliminated by such human disturbances.


[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Duncan: (Patten) for example????  years, decades, centuries... etc. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands (ASTM, 1996; Kolm, et. al, 1996), and can be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the fourfive pathways by which non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 





· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that, as has been done for prior conclusions, the authors remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a	Comment by Johnson: (Johnson) I think we can delete this, and include comments only on the key findings that require changes.





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of these man made wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity can occur between [non-floodplain] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”	Comment by Duncan: (Patten) this statement ultimately connects most wetlands and rivers regardless of proximity or any close geographic locations. 





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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From: Armitage, Thomas
To: tank.1@nd.edu
Cc: adr79@cornell.edu; Goodman, Iris; rosimarshalle@caryinstitute.org
Subject: List of assignments for revision of SAB Connectivity Panel Report
Date: Friday, May 09, 2014 1:18:00 PM
Attachments: Tank_action items_5_8_14.docx


SAB Connectivity Panel Draft Report_4_23_14 (markup).docx


Hi Jennifer,
 
Attached please find a list of your action items for revision of the SAB Connectivity Panel’s report. 
 These are based on my notes from the two teleconferences last week.  If possible, I would like to


 receive the revisions for Section 3.4 by Monday, May 19th .   I have also attached the word file of the
 4/23/14 markup draft.
 
I will incorporate your revisions into next draft of the report which will be sent to the Panel for


 review and discussion on the June 19th conference call.  Please feel free to call me if you have
 questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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Jennifer Tank – Action Items from April 28 and May 2nd Connectivity Panel Teleconferences








1. Section 3.3 will be revised as necessary to include a short subsection that discusses the most relevant spatial and temporal scales at which connectivity is viewed for the systems addressed in the section and how scales relate to the impacts ( Rosi-Marshall/Tank)


2. Additional literature citations that will help the EPA better address cumulative and aggregate effects will be added to Section 3.2 of the report. Lead writers will be asked if any literature citations can be provided (Rosi-Marshall/Tank, Fennessy/Sulllivan, Johnson/Bernhardt)


3. Page 32 line 33: The report will be revised to indicate that: 1) different types of connectivity (hydrologic, biological) should be added to Table 4.1 of the EPA report, and 2) the EPA Report should explain that not all connectivity in the watershed is hydrologic, and that biological connectivity should be mentioned as an example. (Tank)


4. The recommendations on page 35 will be grouped and reordered. (Tank)


5. Page 34, lines 24-33: The paragraph will be revised to more clearly indicate that in the EPA Report, the case studies should be presented earlier and that text boxes should be used to present the case studies. The paragraph will be trimmed to make it more concise. (Tank)


6. [bookmark: _GoBack]Page 35, lines 17-22: The text will be revised to indicate that EPA’s report should analyze the scientific literature and discuss how differences in flows affect connectivity. (Tank)


7. Page 35, lines 11-13: This recommendation is not needed and the bullet on these lines will be removed. Spatial and temporal scale will be discussed in each section of the report. (Tank)


8. Page 31, lines 45-47: The text will be revised to state that the SAB finds that the Report provides strong scientific support for these conclusions and findings. However, EPA should recognize that there is a gradient of connectivity that is a function of the frequency, magnitude, and duration of physical, chemical, and biological processes. (Tank)


9. Other comments and edits in section 3.4 will be incorporated. (Tank)


10. Recommendations will be reviewed to determine whether any should be combined or reordered. (Tank)
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This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. 	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on material flows generated by fauna, particularly avian fauna.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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[bookmark: _Toc58926855][bookmark: _Toc59252196][bookmark: _Toc65285546][bookmark: _Toc71962574][bookmark: _Toc72113549][bookmark: _Toc99930877][bookmark: _Toc260313039][bookmark: _Toc382414067][bookmark: _Toc385943122]EXECUTIVE SUMMARY	Comment by Murphy: (Murphy) I haven’t edited the ES and Introduction since they might need a complete overhaul. This said, I found these two parts of the report very well written, reflective of the group concensus, and without much need of change. Id like to see the rest of the report brought up to the same level of clarity.	Comment by Josselyn: (Josselyn) See comments on the executive summary that are included in the Panel’s general comments.	Comment by Johnson: (Johnson) Have we sufficiently addressed the role of humans in changing / exacerbating natural disturbance regimes and the subsequent impact on connectivity?  E.g., drought impacts on connectivity are exacerbated by water extraction; wetland drainage, channelization,





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for Unidirectional Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and “geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birds is important as they spatially integrate these wetlands through their movements. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) a wishy washy statement.... too all inclusive which brings us back to the concept of  "sufficiently long time scale".... what does that mean or imply? 





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc385943123]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There must be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on downstream water quality. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure	Comment by Murphy: (Murphy)  See general comments. Need to provide a conceptual model.


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that the literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, thea conceptual frameworkmodel for ecological connectivity needs to be revised and clearly articulated at the beginning of the Chapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous  physical, hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity, such as the influence of human activities, should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 	Comment by Meyer: (Meyer)  Don’t need this first sentence, which is just a restatement of the charge question written in the lines above it.
	Comment by Duncan: (Patten) this implies that no new important citations are or will be suggested.   Is that so? 	Comment by Murphy: (Murphy)	Comment by Benda: (Benda) Here and in numerous other places in the SAB review document, the need for an improved conceptual framework expressed as continuous (4 dimensional) hydrological, chemical, and biological flowpaths is mentioned. It would be helpful to EPA if the SAB could provide additional guidance (illustrative) on what that conceptual framework might look like. In addition, here and in numerous other places in the SAB review document, the term “hydrological us used. I think that if “hydrological” is to be understood to be all encompassing, then here and at a few other strategic locations in the SAB review document, this should be clarified. 

	Comment by Murphy: (Murphy) We have stated that discontinuity needs to be addressed, too.	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) provide an example of the “commonly used terminology” that we are requesting them to use.
	Comment by Meyer: (Meyer) I read this paragraph as a summary of our recommendations.  If that is the case, then (5) needs to be more complete.   It should be replaced with “5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report.”  Otherwise, without that explicit list, it makes it sound as though we don’t care about those recommendations.






3.2.1.	Defining Connectivity	Comment by Josselyn: (Josselyn) See my recommendation included in the general comments on the draft report.





Because connectivity can be defined in many ways, the Report needs to define and concisely discuss what is meant by “connectivity” at the beginning of Chapter 3. Currently, connectivity is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





Recommendations





· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report, and a discussion included on how the scientific literature was used to establish the degree to which such connectivity was determined to have an effect on downstream water quality.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





3.2.2.	Defining the Scope of the Report	Comment by Josselyn: (Josselyn) See my recommendation on this section in the general comments on the draft report.





The SAB finds that the scope of the Report, with respect to the types of wetlands and water bodies covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various water bodies and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However; however, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of water bodies and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the wetland definition of Cowardin et al. (1979) to describe wetlands, and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. definition of a wetland was used[footnoteRef:4]. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.	Comment by Murphy: (Murphy) I am still not comfortable about using Cowardin et al 1979. The report is attempting to define what water bodies, wetlands or otherwise are included in the WUSA definition. Cowardin was developed to address other regulatory needs. The EPA report needs to develop its own definition.	Comment by Siobhan  F: (Fennessy) An excellent account of our discussion  [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.]  [4: 2 In response to questions from the SAB about the use of the “one parameter” wetland classification, EPA scientists explained that much of the scientific literature does not specify the method used to delineate the wetlands under study. Thus, EPA scientists used the broader ‘one parameter” definition of wetlands to more fully assess the entirety of the available scientific literature.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining what are considered waters and wetlands.	Comment by Sullivan: (Sullivan) And other water bodies?





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as wetlands or other water bodies (see discussion in Section 3.5.2 of this report). The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





· The differences between the wetland and waters definitions used in the Clean Water Act regulations and those used in the Report should be clearly explained. The Report should document, based on the scientific literature, what differences this may have on determining the degree of connectivity between wetlands and waters with downstream water quality.	Comment by Josselyn: (Josselyn) new recommendation.





3.2.3.	Use of a Flowpath Framework	Comment by Murphy: (Murphy) This is a crucial section. The writing needs to be simplified and made more concise. Further, the SAB report needs to write this to provide clear concepts and resultant terminology that consistently inform the entire rest of the discussion. 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and areprimarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 	Comment by Duncan: (Patten) This may be the most critical recommendation of our report.  This framework either demonstrates the connectivity that is important or side steps the often critical but ignored connections. 	Comment by Benda: (Benda) See previous comment about the use of the term “hydrological.”	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) this statement  or the parenthetical part of it should follow  the statement earlier about "highlighting four dimensional nature...."





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of physical, hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., physical= brown, hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (e.g., .. For example, the Ogallala aquifer) underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina. Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling that transitions to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.	Comment by Tank: (Tank) The description of the revision of Figure 1-1 (to be new Figure 3-1?) is somewhat long and a bit confusing. Perhaps it would be more effective if an example of new figure was inserted here? 	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) include  in examples deep  carbonate aquifer cross basin connections such as found in the Great Basin	Comment by Aldous: (Aldous)	Comment by Allan: (Allan) Is reference to the Ogallala aquifer relevant? I thought this was a deep aquifer with relatively little connection to surface water and shallow ground water. If that is so, we are extending our time horizon to very long geological time.	Comment by Allison Aldous: (Aldous)  This section needs specific citations





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains.. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) see above comment. This is important because impacting GW in one basin can effect flows in another including flows of rivers. 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, groundwater, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). In all three block diagrams, bedrock groundwater systems and flowpaths should be included to illustrate subregional/regional connectivity.	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)





Some editorial or technical corrections are needed in the Report to address various omissions, inconsistencies, and errors in the hydrology section, as well as other sections, of the Report. These and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 	Comment by Aldous: (Aldous)





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by (Horton (1945). 	Comment by Murphy: (Murphy) I’m not sure this distinction, which is difficult for non-hydrologists to understand, is important. Just call it Excess Overland Flow and cite the two papers.	Comment by Aldous: (Aldous)





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by (Dunne and Black1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further discuss variable source explain how areas and how theycontributing runoff expand and contract, and therefore changechanging the way that landscapes connect through storms and seasons (Dunne and Black 1970). Variable source areas have particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which are highly variable in space and time. The incomplete discussion of variable source areas is a critical shortcoming of the current version of the Report because it is through variable source areaThe expansion that waters and wetlandsof runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally becomechange the headward extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendationvariability suggests that connectivity be discussed as a continuous phenomenon.within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely and has organized the Report in sections, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscapes are considered to be discrete, it is important to clearly state that; however, the lines delineating these landscape categories are conceptual and/or fluid, i.e., that there areis no fixed bright lines betweenscientific consensus on separating the categories.	Comment by Murphy: (Murphy)	Comment by Harvey: (Harvey) Additional references.	Comment by Meyer: (Meyer) Noting that connectivity should be discussed as a “continuous phenomenon” is different than saying that there is a gradient of connectivity.
	Comment by Murphy: (Murphy)





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996). This document was developed with funding from the EPA and it provides an effective way to characterize groundwater systems in diverse hydrogeological settings; (e.g., Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Aldous: (Aldous)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics.. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among thethese habitats often throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke et al. and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely., thus Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Fausch: (Fausch)	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Murphy: (Murphy)





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.	Comment by Benda: (Benda) The issue of characterizing the strength of connectivity by illustrating it (in words, examples and better yet by diagrams or sketches) for each EPA connectivity component (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could be included in this section.






· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of physical, hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 	Comment by Kolm: (Kolm)





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) important point





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report and, described in the context of connectivity between waters and wetlands and downgradient waters.  and shown to be critical to the biological integrity of these connected waters.





· In presenting this conceptual framework, the Report should also discuss the temporal and spatial significance of the various pathways to downstream water quality.	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





 


3.2.4.	Revising and Defining the Terminology Used in the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms would employ a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire Report. 	Comment by Kolm: (Kolm)
	Comment by Duncan: (Patten) this seems to imply that four dimensional is a biological characteristic ... it is fundamentally a hydrological characteristic on which other phenomenon are connected. At least that is my take on it....	Comment by Allan: (Allan ) See my comments in the general comments on the report. If non-floodplain wetlands is to become the preferred term, I would like to see this section of the SAB report expanded to explain the reasoning





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” which the SAB notes could be connected to downstream waters through subsurface connections. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Harvey: (Harvey)	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Johnson: (Johnson) Duration and extent.	Comment by Duncan: (Patten) or necessarily, hydrological isolation as many "isolated wetlands" have a connection to groundwater flows which eventually connect to larger water bodies.  Also, there is a whole literature on isolated wetlands so why should they drop the term as it is widely used. 





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) and also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact. Although EPA may want to call such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.	Comment by Allan: (Allan) This troubles me given that nowher4e to this point has the SAB review indicated what time scale it is considering (and later in the SAB Review the timeline is extended to thousands of years).	Comment by Benda: (Benda) Although true as a general conceptual principle, I think it needs to be qualified somewhere in the EPA Draft Report that in practical (policy) terms (human time frames, land use pressures, limits of understanding, strength of connection), not everything is connected to everything else (as mentioned by more than one of the public commenters, e.g., “everything is connected to everything else” is not useful, including in the context of recent Supreme Court decisions). It is the responsibility of regulatory agencies, using various measures of strength of connectivity, to determine, out of this general scientific principle, what types of connections need to be protected to maintain healthy aquatic ecosystems.	Comment by Duncan: (Patten) this idea is bothersome. Should we "define" what we mean... for example, the amount of time that a groundwater flow moves across a basin to connect with rivers????





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)





3.2.5.	Layers of Complexity in the Conceptual Framework	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report,





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhancedenhanced by connectivity connectivityand while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the report and explicitly made in the section on unidirectional wetlands. Including Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 	Comment by Duncan: (Patten) is this repetitive? If so, maybe good....	Comment by Fausch: (Fausch)	Comment by Johnson: (Johnson)	Comment by Duncan: (Patten) do we imply here that some waters are truly isolated?   Or is this covered by "relative isolation"?	Comment by Aldous: (Aldous)





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.
	Comment by Allan: (Allan) Might be an opportunity to clarify some important timeframes of freshwater connectivity, such as 100-year floods (while acknowledging that events on even longer time frames, such as debris movements, can be important). I am uncomfortable with an open-ended temporal scale that might appear to embrace very long time scales.





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are long- lived or cumulative. Long -lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure (including connectivity) and function of downgradient waters over the scale of decades. Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki 2007). 





The SAB recommends that the Report compare and contrast the humid eEast and the arid sSouthwest and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitudeare most impacted by frequently recurrent rainfall events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitudeare primarily shaped by lower frequency rainfall events. The latter are nono less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands. This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Fausch: (Fausch)	Comment by Fausch: (Fausch) I do not fully understand the point of this sentence.	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point	Comment by Duncan: (Patten) should give a groundwater example here.... all these are surface examples... groundwater withdrawal can decrease connectivity, for example.   Since we emphasize groundwater connections in the framework, we should give GW examples. 	Comment by Siobhan  F: (Fennessy) Add a final sentence that we recommend the Report incorporate the effects of human alterations on connectivity (to ensure we are clear)






Flow and Transport Forcings and Regionalization	Comment by Sullivan: (Sullivan) I find this subtitle to be a bit awkward





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for states such as Hawaii and Alaska.regions of highly unique ecohydrology. This problem has been identified by a number of public commenters. For example, Alaskan streams and wetlands reflect a climate and solar aspect that is not represented elsewhere and Hawaii is also unlike other part of the US. The arid Southwest experiences a unique combination of climate and geology that conspire to create highly discontinuous flow regimes and riparian ecosystems (RWRD 2008)      The EPA therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004).) or a similar system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.	Comment by Murphy: (Murphy) This sounds like ‘selling.’





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligibleat sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 may make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Duncan: (Patten) surface and groundwater	Comment by Sullivan: (Sullivan) I find sufficient spatial scale to be unclear.	Comment by Johnson: (Johnson) Link this to “integrity” which is an EPA concern.






Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Many sStudies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and planned future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Johnson: (Johnson)	Comment by Siobhan  F: (Fennessy) Is this the word we want?  Perhaps ‘reflects the combination’ or ‘the aggregation’?	Comment by Johnson: (Johnson)





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 	Comment by Duncan: (Patten) why does mapping resolution only apply to streams?  Why not also wetlands and other water related entities? 





It is critical that readers of the Report understand that many databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM.  (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) physical, chemical, and biological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances inin the  technology used for the analysis.	Comment by Johnson: (Johnson)





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.


· The Report could more explicitly mention of the issue of evaluating, measuring and predicting the strength of connectivity and thus the significance of connectivity effects could be included. Each component of the EPA’s Draft Report (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could include discussion covering the issue of strength of connectivity, ideally utilizing a real life example, model simulation or at minimum a conceptualization. 	Comment by Benda: (Benda) additional item.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the agency EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.	Comment by Josselyn: (Josselyn) I concur with this recommendation.
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands”. The SAB finds that the focus on hydrologic connections in Section 5.4 and elsewhere does not account for important biological exchanges, not transported stream flow, that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, shallow ground water, deep ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994), especially those that address material flows generated by avian fauna, be added to the Report. Findings from additional literature on theEvidence from the literature on biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are is overwhelming and is particularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Duncan: (Patten) I think this is stretching connectivity... this could connect almost any location. 	Comment by Johnson: (Johnson) Insert references provided by Rob Brooks here





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) this worries me... 





· The literature review should analyze the scientific literature to specifically address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. Geographic differences, especially as it relates to precipitation, should be analyzed. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian/floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 





Similarly the SAB recommends that Figure 1, shown below, be used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). 	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?











Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms. 	Comment by Kolm: (Kolm) Not accurate for all case histories: Terminal salt lakes and playas may also have strong hydrologic connections like we see in Nevada and Death Valley, CA. Recommend deliting the sentence or modifying it to include both end members.

General comment: Each of the case histories presented could use a cross-sectional diagram illustrating the hydrology and connectivity of the features and region. It is difficult for most readers to visualize these descriptions of structure and function. [6:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible based on the scientific literature and provide specific statements on where the literature is lacking or incomplete. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude, short duration floods may infrequently connect non-riparian/non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Sullivan: (Sullivan) It seems like a predictability framework could also vbe helpful in understanding the degree of connectivityoutlined here (e.g., waterfowl migration moves nutrients at high magnitudes at relatively predictable intervals).	Comment by Benda: (Benda) Although mentioned previously in these comments, the issue that all waters are connected over sufficiently long time scales is highlighted again using the scale “thousands of years”. How many thousands of years? 1, 10, 100, 1000?  If the SAB wants to encourage EPA to consider hydrologic-habitat connectivity at these extended time scales, perhaps it should provide some guidance on how to determine the strength of those connections, in the context of policy making which is the ultimate use of the EPA Connectivity Report. The issue of expanded time scales comes up in other areas of the SAB review including under “Recommendations” (Pg. 50, lines 6-7).
	Comment by Allan: (Allan) I feel this seemingly side-steps the issue of degree of connectivity and the gradient comcept.	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 	Comment by Duncan: (Patten) we have this recommendation earlier but does this weaken the connectivity argument as it can be interpreted as geological time (e.g., millennia). 	Comment by Allan: (Allan) Although this statement acknowledges variation in magnitude of connectivity, I think the SAB review should direct the EPA Report towards greater specificity, rather than towards very general statements that provide little guidance on the degree of connectivity. Might this be an opportunity to suggest that, while all systems are connected, the strength of connectivity is affected by many variables and is best decided on a case-by-case basis?





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are likely to be connected to downstream water (in various magnitudes) over sufficiently long time scales., yet the effects of these connections vary widely in magnitude across wetlands.	Comment by Murphy: (Murphy) Without the second clause this is an entirely different recommendation!





· The EPA should assess connectivity in terms of downstream effects, not just in terms of based upon the frequency, magnitude, or and duration of connections.	Comment by Murphy: (Murphy)





· The Report should emphasize that while that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales, such connections may not be relevant if they do not have important effects on downstream water quality. As a result, the Report should access connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 	Comment by Josselyn: (Josselyn) I suggest this to replace the two bullets above..








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013).. The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  In particular, extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts.	Comment by Fausch: (Fausch) Additional text.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways and to describe to the degree possible how connectivity may have been reduced or eliminated by such human disturbances.


[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Duncan: (Patten) for example????  years, decades, centuries... etc. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands (ASTM, 1996; Kolm, et. al, 1996), and can be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the fourfive pathways by which non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 





· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that, as has been done for prior conclusions, the authors remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a	Comment by Johnson: (Johnson) I think we can delete this, and include comments only on the key findings that require changes.





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of these man made wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity can occur between [non-floodplain] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”	Comment by Duncan: (Patten) this statement ultimately connects most wetlands and rivers regardless of proximity or any close geographic locations. 





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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Hi Mark,
 
Attached please find a list of your action items for revision of the SAB Connectivity Panel’s report. 
 These are based on my notes from the two teleconferences last week.  If possible, I would like to


 receive the revised Section 3.2 by Monday, May 19th .   I have also attached the word file of the
 4/23/14 markup draft.
 
I have scheduled a call for you and Mark Rains to talk on Tuesday (5/13) at 1:00 pm eastern time, call
 in number 1-866-299-3188, conference code 2023439995#.
 
I will incorporate your revisions into next draft of the report which will be sent to the Panel for


 review and discussion on the June 19th conference call. Please feel free to call me if you have
 questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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Mark Murphy – Action Items from April 28 and May 2 Connectivity Panel Teleconferences





1. Section 3.2 will be revised to present concepts from the literature on disturbance ecology (e.g., magnitude, intensity, frequency, and predictability). Predictability was thought to be especially useful in evaluating downgradient effects of connectivity.  (Murphy will develop text and a list of references He will work with Mark Rains to include the changes in Section 3.2). 


NOTE FROM AMANDA: Disturbance ecology language is a good model.  Use disturbance ecology literature as a framework for discussing and framing connectivity.


· Distribution, frequency, return interval, rotation period, predictability, area or size, magnitude (intensity and severity) (White & Pickett).  Examples of figures that could be considered for inclusion (not mandatory). 


· The first two graphs below are both in:


http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/wcsg2001chapter3.htm





Schematic of selected atmospheric, surface, and subsurface hydrologic processes and their temporal and spatial scales of occurrence (adapted from Bloschl and Sivalapan, 1995).


[bookmark: _GoBack][image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/smallpics/Fig.3.1.jpg]


· 


[image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/bigpics/Fig.3.4.jpg]


[image: http://www.nature.com/nclimate/journal/v1/n4/images_article/nclimate1143-f5.jpg]





2. Literature citations and additional brief text on metrics of connectivity will be included. The additional references and text will be provided by Kolm, Sullivan, Murphy, and Harvey (Kolm – for groundwater/surface water modeling studies; Sullivan – for relative connectivity;  Murphy; Harvey ) (Chair will insert the material provided by the panel members)


3. Section 3.2 will be revised to elaborate on how to determine cumulative and aggregate effects (e.g., conditional probability tree about the likelihood that downgradient waters are impacted.)  (Murphy will send an additional material  to be included) 
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This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. 	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on material flows generated by fauna, particularly avian fauna.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for Unidirectional Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and “geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birds is important as they spatially integrate these wetlands through their movements. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) a wishy washy statement.... too all inclusive which brings us back to the concept of  "sufficiently long time scale".... what does that mean or imply? 





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc385943123]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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1. [bookmark: _Toc382414069][bookmark: _Toc385943124]RESPONSES TO EPA’S CHARGE QUESTIONS





[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There must be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on downstream water quality. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure	Comment by Murphy: (Murphy)  See general comments. Need to provide a conceptual model.


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that the literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, thea conceptual frameworkmodel for ecological connectivity needs to be revised and clearly articulated at the beginning of the Chapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous  physical, hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity, such as the influence of human activities, should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 	Comment by Meyer: (Meyer)  Don’t need this first sentence, which is just a restatement of the charge question written in the lines above it.
	Comment by Duncan: (Patten) this implies that no new important citations are or will be suggested.   Is that so? 	Comment by Murphy: (Murphy)	Comment by Benda: (Benda) Here and in numerous other places in the SAB review document, the need for an improved conceptual framework expressed as continuous (4 dimensional) hydrological, chemical, and biological flowpaths is mentioned. It would be helpful to EPA if the SAB could provide additional guidance (illustrative) on what that conceptual framework might look like. In addition, here and in numerous other places in the SAB review document, the term “hydrological us used. I think that if “hydrological” is to be understood to be all encompassing, then here and at a few other strategic locations in the SAB review document, this should be clarified. 

	Comment by Murphy: (Murphy) We have stated that discontinuity needs to be addressed, too.	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) provide an example of the “commonly used terminology” that we are requesting them to use.
	Comment by Meyer: (Meyer) I read this paragraph as a summary of our recommendations.  If that is the case, then (5) needs to be more complete.   It should be replaced with “5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report.”  Otherwise, without that explicit list, it makes it sound as though we don’t care about those recommendations.






3.2.1.	Defining Connectivity	Comment by Josselyn: (Josselyn) See my recommendation included in the general comments on the draft report.





Because connectivity can be defined in many ways, the Report needs to define and concisely discuss what is meant by “connectivity” at the beginning of Chapter 3. Currently, connectivity is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





Recommendations





· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report, and a discussion included on how the scientific literature was used to establish the degree to which such connectivity was determined to have an effect on downstream water quality.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





3.2.2.	Defining the Scope of the Report	Comment by Josselyn: (Josselyn) See my recommendation on this section in the general comments on the draft report.





The SAB finds that the scope of the Report, with respect to the types of wetlands and water bodies covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various water bodies and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However; however, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of water bodies and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the wetland definition of Cowardin et al. (1979) to describe wetlands, and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. definition of a wetland was used[footnoteRef:4]. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.	Comment by Murphy: (Murphy) I am still not comfortable about using Cowardin et al 1979. The report is attempting to define what water bodies, wetlands or otherwise are included in the WUSA definition. Cowardin was developed to address other regulatory needs. The EPA report needs to develop its own definition.	Comment by Siobhan  F: (Fennessy) An excellent account of our discussion  [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.]  [4: 2 In response to questions from the SAB about the use of the “one parameter” wetland classification, EPA scientists explained that much of the scientific literature does not specify the method used to delineate the wetlands under study. Thus, EPA scientists used the broader ‘one parameter” definition of wetlands to more fully assess the entirety of the available scientific literature.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining what are considered waters and wetlands.	Comment by Sullivan: (Sullivan) And other water bodies?





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as wetlands or other water bodies (see discussion in Section 3.5.2 of this report). The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





· The differences between the wetland and waters definitions used in the Clean Water Act regulations and those used in the Report should be clearly explained. The Report should document, based on the scientific literature, what differences this may have on determining the degree of connectivity between wetlands and waters with downstream water quality.	Comment by Josselyn: (Josselyn) new recommendation.





3.2.3.	Use of a Flowpath Framework	Comment by Murphy: (Murphy) This is a crucial section. The writing needs to be simplified and made more concise. Further, the SAB report needs to write this to provide clear concepts and resultant terminology that consistently inform the entire rest of the discussion. 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and areprimarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 	Comment by Duncan: (Patten) This may be the most critical recommendation of our report.  This framework either demonstrates the connectivity that is important or side steps the often critical but ignored connections. 	Comment by Benda: (Benda) See previous comment about the use of the term “hydrological.”	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) this statement  or the parenthetical part of it should follow  the statement earlier about "highlighting four dimensional nature...."





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of physical, hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., physical= brown, hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (e.g., .. For example, the Ogallala aquifer) underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina. Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling that transitions to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.	Comment by Tank: (Tank) The description of the revision of Figure 1-1 (to be new Figure 3-1?) is somewhat long and a bit confusing. Perhaps it would be more effective if an example of new figure was inserted here? 	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) include  in examples deep  carbonate aquifer cross basin connections such as found in the Great Basin	Comment by Aldous: (Aldous)	Comment by Allan: (Allan) Is reference to the Ogallala aquifer relevant? I thought this was a deep aquifer with relatively little connection to surface water and shallow ground water. If that is so, we are extending our time horizon to very long geological time.	Comment by Allison Aldous: (Aldous)  This section needs specific citations





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains.. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) see above comment. This is important because impacting GW in one basin can effect flows in another including flows of rivers. 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, groundwater, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). In all three block diagrams, bedrock groundwater systems and flowpaths should be included to illustrate subregional/regional connectivity.	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)





Some editorial or technical corrections are needed in the Report to address various omissions, inconsistencies, and errors in the hydrology section, as well as other sections, of the Report. These and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 	Comment by Aldous: (Aldous)





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by (Horton (1945). 	Comment by Murphy: (Murphy) I’m not sure this distinction, which is difficult for non-hydrologists to understand, is important. Just call it Excess Overland Flow and cite the two papers.	Comment by Aldous: (Aldous)





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by (Dunne and Black1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further discuss variable source explain how areas and how theycontributing runoff expand and contract, and therefore changechanging the way that landscapes connect through storms and seasons (Dunne and Black 1970). Variable source areas have particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which are highly variable in space and time. The incomplete discussion of variable source areas is a critical shortcoming of the current version of the Report because it is through variable source areaThe expansion that waters and wetlandsof runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally becomechange the headward extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendationvariability suggests that connectivity be discussed as a continuous phenomenon.within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely and has organized the Report in sections, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscapes are considered to be discrete, it is important to clearly state that; however, the lines delineating these landscape categories are conceptual and/or fluid, i.e., that there areis no fixed bright lines betweenscientific consensus on separating the categories.	Comment by Murphy: (Murphy)	Comment by Harvey: (Harvey) Additional references.	Comment by Meyer: (Meyer) Noting that connectivity should be discussed as a “continuous phenomenon” is different than saying that there is a gradient of connectivity.
	Comment by Murphy: (Murphy)





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996). This document was developed with funding from the EPA and it provides an effective way to characterize groundwater systems in diverse hydrogeological settings; (e.g., Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Aldous: (Aldous)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics.. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among thethese habitats often throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke et al. and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely., thus Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Fausch: (Fausch)	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Murphy: (Murphy)





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.	Comment by Benda: (Benda) The issue of characterizing the strength of connectivity by illustrating it (in words, examples and better yet by diagrams or sketches) for each EPA connectivity component (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could be included in this section.






· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of physical, hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 	Comment by Kolm: (Kolm)





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) important point





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report and, described in the context of connectivity between waters and wetlands and downgradient waters.  and shown to be critical to the biological integrity of these connected waters.





· In presenting this conceptual framework, the Report should also discuss the temporal and spatial significance of the various pathways to downstream water quality.	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





 


3.2.4.	Revising and Defining the Terminology Used in the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms would employ a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire Report. 	Comment by Kolm: (Kolm)
	Comment by Duncan: (Patten) this seems to imply that four dimensional is a biological characteristic ... it is fundamentally a hydrological characteristic on which other phenomenon are connected. At least that is my take on it....	Comment by Allan: (Allan ) See my comments in the general comments on the report. If non-floodplain wetlands is to become the preferred term, I would like to see this section of the SAB report expanded to explain the reasoning





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” which the SAB notes could be connected to downstream waters through subsurface connections. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Harvey: (Harvey)	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Johnson: (Johnson) Duration and extent.	Comment by Duncan: (Patten) or necessarily, hydrological isolation as many "isolated wetlands" have a connection to groundwater flows which eventually connect to larger water bodies.  Also, there is a whole literature on isolated wetlands so why should they drop the term as it is widely used. 





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) and also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact. Although EPA may want to call such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.	Comment by Allan: (Allan) This troubles me given that nowher4e to this point has the SAB review indicated what time scale it is considering (and later in the SAB Review the timeline is extended to thousands of years).	Comment by Benda: (Benda) Although true as a general conceptual principle, I think it needs to be qualified somewhere in the EPA Draft Report that in practical (policy) terms (human time frames, land use pressures, limits of understanding, strength of connection), not everything is connected to everything else (as mentioned by more than one of the public commenters, e.g., “everything is connected to everything else” is not useful, including in the context of recent Supreme Court decisions). It is the responsibility of regulatory agencies, using various measures of strength of connectivity, to determine, out of this general scientific principle, what types of connections need to be protected to maintain healthy aquatic ecosystems.	Comment by Duncan: (Patten) this idea is bothersome. Should we "define" what we mean... for example, the amount of time that a groundwater flow moves across a basin to connect with rivers????





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)





3.2.5.	Layers of Complexity in the Conceptual Framework	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report,





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhancedenhanced by connectivity connectivityand while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the report and explicitly made in the section on unidirectional wetlands. Including Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 	Comment by Duncan: (Patten) is this repetitive? If so, maybe good....	Comment by Fausch: (Fausch)	Comment by Johnson: (Johnson)	Comment by Duncan: (Patten) do we imply here that some waters are truly isolated?   Or is this covered by "relative isolation"?	Comment by Aldous: (Aldous)





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.
	Comment by Allan: (Allan) Might be an opportunity to clarify some important timeframes of freshwater connectivity, such as 100-year floods (while acknowledging that events on even longer time frames, such as debris movements, can be important). I am uncomfortable with an open-ended temporal scale that might appear to embrace very long time scales.





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are long- lived or cumulative. Long -lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure (including connectivity) and function of downgradient waters over the scale of decades. Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki 2007). 





The SAB recommends that the Report compare and contrast the humid eEast and the arid sSouthwest and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitudeare most impacted by frequently recurrent rainfall events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitudeare primarily shaped by lower frequency rainfall events. The latter are nono less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands. This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Fausch: (Fausch)	Comment by Fausch: (Fausch) I do not fully understand the point of this sentence.	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point	Comment by Duncan: (Patten) should give a groundwater example here.... all these are surface examples... groundwater withdrawal can decrease connectivity, for example.   Since we emphasize groundwater connections in the framework, we should give GW examples. 	Comment by Siobhan  F: (Fennessy) Add a final sentence that we recommend the Report incorporate the effects of human alterations on connectivity (to ensure we are clear)






Flow and Transport Forcings and Regionalization	Comment by Sullivan: (Sullivan) I find this subtitle to be a bit awkward





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for states such as Hawaii and Alaska.regions of highly unique ecohydrology. This problem has been identified by a number of public commenters. For example, Alaskan streams and wetlands reflect a climate and solar aspect that is not represented elsewhere and Hawaii is also unlike other part of the US. The arid Southwest experiences a unique combination of climate and geology that conspire to create highly discontinuous flow regimes and riparian ecosystems (RWRD 2008)      The EPA therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004).) or a similar system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.	Comment by Murphy: (Murphy) This sounds like ‘selling.’





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligibleat sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 may make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Duncan: (Patten) surface and groundwater	Comment by Sullivan: (Sullivan) I find sufficient spatial scale to be unclear.	Comment by Johnson: (Johnson) Link this to “integrity” which is an EPA concern.






Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Many sStudies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and planned future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Johnson: (Johnson)	Comment by Siobhan  F: (Fennessy) Is this the word we want?  Perhaps ‘reflects the combination’ or ‘the aggregation’?	Comment by Johnson: (Johnson)





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 	Comment by Duncan: (Patten) why does mapping resolution only apply to streams?  Why not also wetlands and other water related entities? 





It is critical that readers of the Report understand that many databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM.  (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) physical, chemical, and biological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances inin the  technology used for the analysis.	Comment by Johnson: (Johnson)





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.


· The Report could more explicitly mention of the issue of evaluating, measuring and predicting the strength of connectivity and thus the significance of connectivity effects could be included. Each component of the EPA’s Draft Report (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could include discussion covering the issue of strength of connectivity, ideally utilizing a real life example, model simulation or at minimum a conceptualization. 	Comment by Benda: (Benda) additional item.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the agency EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.	Comment by Josselyn: (Josselyn) I concur with this recommendation.
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands”. The SAB finds that the focus on hydrologic connections in Section 5.4 and elsewhere does not account for important biological exchanges, not transported stream flow, that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, shallow ground water, deep ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994), especially those that address material flows generated by avian fauna, be added to the Report. Findings from additional literature on theEvidence from the literature on biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are is overwhelming and is particularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Duncan: (Patten) I think this is stretching connectivity... this could connect almost any location. 	Comment by Johnson: (Johnson) Insert references provided by Rob Brooks here





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) this worries me... 





· The literature review should analyze the scientific literature to specifically address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. Geographic differences, especially as it relates to precipitation, should be analyzed. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian/floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 





Similarly the SAB recommends that Figure 1, shown below, be used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). 	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?











Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms. 	Comment by Kolm: (Kolm) Not accurate for all case histories: Terminal salt lakes and playas may also have strong hydrologic connections like we see in Nevada and Death Valley, CA. Recommend deliting the sentence or modifying it to include both end members.

General comment: Each of the case histories presented could use a cross-sectional diagram illustrating the hydrology and connectivity of the features and region. It is difficult for most readers to visualize these descriptions of structure and function. [6:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible based on the scientific literature and provide specific statements on where the literature is lacking or incomplete. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude, short duration floods may infrequently connect non-riparian/non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Sullivan: (Sullivan) It seems like a predictability framework could also vbe helpful in understanding the degree of connectivityoutlined here (e.g., waterfowl migration moves nutrients at high magnitudes at relatively predictable intervals).	Comment by Benda: (Benda) Although mentioned previously in these comments, the issue that all waters are connected over sufficiently long time scales is highlighted again using the scale “thousands of years”. How many thousands of years? 1, 10, 100, 1000?  If the SAB wants to encourage EPA to consider hydrologic-habitat connectivity at these extended time scales, perhaps it should provide some guidance on how to determine the strength of those connections, in the context of policy making which is the ultimate use of the EPA Connectivity Report. The issue of expanded time scales comes up in other areas of the SAB review including under “Recommendations” (Pg. 50, lines 6-7).
	Comment by Allan: (Allan) I feel this seemingly side-steps the issue of degree of connectivity and the gradient comcept.	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 	Comment by Duncan: (Patten) we have this recommendation earlier but does this weaken the connectivity argument as it can be interpreted as geological time (e.g., millennia). 	Comment by Allan: (Allan) Although this statement acknowledges variation in magnitude of connectivity, I think the SAB review should direct the EPA Report towards greater specificity, rather than towards very general statements that provide little guidance on the degree of connectivity. Might this be an opportunity to suggest that, while all systems are connected, the strength of connectivity is affected by many variables and is best decided on a case-by-case basis?





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are likely to be connected to downstream water (in various magnitudes) over sufficiently long time scales., yet the effects of these connections vary widely in magnitude across wetlands.	Comment by Murphy: (Murphy) Without the second clause this is an entirely different recommendation!





· The EPA should assess connectivity in terms of downstream effects, not just in terms of based upon the frequency, magnitude, or and duration of connections.	Comment by Murphy: (Murphy)





· The Report should emphasize that while that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales, such connections may not be relevant if they do not have important effects on downstream water quality. As a result, the Report should access connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 	Comment by Josselyn: (Josselyn) I suggest this to replace the two bullets above..








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013).. The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  In particular, extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts.	Comment by Fausch: (Fausch) Additional text.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways and to describe to the degree possible how connectivity may have been reduced or eliminated by such human disturbances.


[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Duncan: (Patten) for example????  years, decades, centuries... etc. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands (ASTM, 1996; Kolm, et. al, 1996), and can be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the fourfive pathways by which non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 





· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that, as has been done for prior conclusions, the authors remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a	Comment by Johnson: (Johnson) I think we can delete this, and include comments only on the key findings that require changes.





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of these man made wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity can occur between [non-floodplain] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”	Comment by Duncan: (Patten) this statement ultimately connects most wetlands and rivers regardless of proximity or any close geographic locations. 





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 








A-3


[bookmark: _Toc382414080][bookmark: _Toc385943135]APPENDIX B:  TECHNICAL AND EDITORIAL CORRECTIONS FOR THE FINDINGS AND CONCLUSIONS





Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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From: Armitage, Thomas
To: mrains@usf.edu
Cc: adr79@cornell.edu; Goodman, Iris
Subject: List of assignments for revision of SAB Connectivity Panel Report
Date: Friday, May 09, 2014 12:57:00 PM
Attachments: Rains_action items_5_8_14.docx


SAB Connectivity Panel Draft Report_4_23_14 (markup).docx


Hi Mark,
 
Attached please find a list of your action items for revision of the SAB Connectivity Panel’s report. 
 These are based on my notes from the two teleconferences last week.  If possible, I would like to


 receive your revisions for Section 3.2 by Monday, May 19th .   I have also attached the word file of
 the 4/23/14 markup draft.
 
I have scheduled a call for you and Mark Murphy to talk on Tuesday (5/13) at 1:00 pm eastern time,
 call in number 1-866-299-3188, conference code 2023439995#.
 
I will incorporate your revisions into next draft of the report which will be sent to the Panel for


 review and discussion on the June 19th conference call.  Please feel free to call me if you have
 questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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Mark Rains – Action Items from April 28 and May 2nd Connectivity Panel Teleconferences





1. Section 3.2 will be revised to include new text on spatial and temporal scale. (Rains and Murphy will write subsection to be included in Section 3.2.  Dave Allan will provide additional references on spatial and temporal connectivity for the three water body types)


2. Figure 1 will stay in Section 3.7 but the text in Section 3.2 will be revised to refer to this figure and discuss how it is different for different water body types. Section 3.2 will also be revised to include a recommendation that the EPA  develop similar figures in each of the sections that address different types of water bodies in order to better represent gradients of connectivity. (Rains)


3. Section 3.2 will discuss the fact that any kind of connectivity that affects the physical, chemical, and biological integrity of downgradient waters is relevant/important.  However, the revised text will acknowledge that there is a level of connectivity at which the functional impact/the consequence on downgradient receiving waters is minimal; but this is where assessing the cumulative / aggregate effect becomes critical. (Rains)


4. Section 3.2 will be revised to present concepts from the literature on disturbance ecology (e.g., magnitude, intensity, frequency, and predictability). Predictability was thought to be especially useful in evaluating downgradient effects of connectivity.  (Murphy will develop text and a list of references He will work with Mark Rains to include the changes in Section 3.2). The following suggestion will be sent from the Chair to Murphy and Rains:





NOTE FROM AMANDA: Disturbance ecology language is a good model.  Use disturbance ecology literature as a framework for discussing and framing connectivity.


· Distribution, frequency, return interval, rotation period, predictability, area or size, magnitude (intensity and severity) (White & Pickett).  Examples of figures that could be considered for inclusion not mandatory).





http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/wcsg2001chapter3.htm


[bookmark: _GoBack]Schematic of selected atmospheric, surface, and subsurface hydrologic processes and their temporal and spatial scales of occurrence (adapted from Bloschl and Sivalapan, 1995).


[image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/smallpics/Fig.3.1.jpg]





· [image: http://www.usgcrp.gov/usgcrp/Library/watercycle/wcsgreport2001/bigpics/Fig.3.4.jpg]


[image: http://www.nature.com/nclimate/journal/v1/n4/images_article/nclimate1143-f5.jpg]





5. The importance of frequency and magnitude (and possibly other appropriate metrics that can be used to describe disturbance) will be included in the discussion of spatial and temporal scale in section 3.2. (Rains)





6. Literature citations and additional brief text on metrics of connectivity will be included in a new subsection in Section 3.2. The additional references and text will be provided by Kolm, Sullivan, Murphy, and Harvey (Kolm – for groundwater/surface water modeling studies; Sullivan – for relative connectivity;  Murphy; Harvey ) (Chair will insert the material provided by the panel members)


49. Recommendations will be reviewed to determine whether any of them should be combined or reordered. (Rains)





50. Other comments on section 3.2 will be addressed based on the discussion on the teleconferences (Rains)
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This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. 	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on material flows generated by fauna, particularly avian fauna.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,





						








Science Advisory Board (SAB) Draft Report (4/23/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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[bookmark: _Toc58926855][bookmark: _Toc59252196][bookmark: _Toc65285546][bookmark: _Toc71962574][bookmark: _Toc72113549][bookmark: _Toc99930877][bookmark: _Toc260313039][bookmark: _Toc382414067][bookmark: _Toc385943122]EXECUTIVE SUMMARY	Comment by Murphy: (Murphy) I haven’t edited the ES and Introduction since they might need a complete overhaul. This said, I found these two parts of the report very well written, reflective of the group concensus, and without much need of change. Id like to see the rest of the report brought up to the same level of clarity.	Comment by Josselyn: (Josselyn) See comments on the executive summary that are included in the Panel’s general comments.	Comment by Johnson: (Johnson) Have we sufficiently addressed the role of humans in changing / exacerbating natural disturbance regimes and the subsequent impact on connectivity?  E.g., drought impacts on connectivity are exacerbated by water extraction; wetland drainage, channelization,





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for Unidirectional Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and “geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birds is important as they spatially integrate these wetlands through their movements. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) a wishy washy statement.... too all inclusive which brings us back to the concept of  "sufficiently long time scale".... what does that mean or imply? 





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.


[bookmark: _Toc382414068][bookmark: _Toc385943123]
2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There must be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on downstream water quality. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure	Comment by Murphy: (Murphy)  See general comments. Need to provide a conceptual model.


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that the literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, thea conceptual frameworkmodel for ecological connectivity needs to be revised and clearly articulated at the beginning of the Chapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous  physical, hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity, such as the influence of human activities, should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 	Comment by Meyer: (Meyer)  Don’t need this first sentence, which is just a restatement of the charge question written in the lines above it.
	Comment by Duncan: (Patten) this implies that no new important citations are or will be suggested.   Is that so? 	Comment by Murphy: (Murphy)	Comment by Benda: (Benda) Here and in numerous other places in the SAB review document, the need for an improved conceptual framework expressed as continuous (4 dimensional) hydrological, chemical, and biological flowpaths is mentioned. It would be helpful to EPA if the SAB could provide additional guidance (illustrative) on what that conceptual framework might look like. In addition, here and in numerous other places in the SAB review document, the term “hydrological us used. I think that if “hydrological” is to be understood to be all encompassing, then here and at a few other strategic locations in the SAB review document, this should be clarified. 

	Comment by Murphy: (Murphy) We have stated that discontinuity needs to be addressed, too.	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) provide an example of the “commonly used terminology” that we are requesting them to use.
	Comment by Meyer: (Meyer) I read this paragraph as a summary of our recommendations.  If that is the case, then (5) needs to be more complete.   It should be replaced with “5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report.”  Otherwise, without that explicit list, it makes it sound as though we don’t care about those recommendations.






3.2.1.	Defining Connectivity	Comment by Josselyn: (Josselyn) See my recommendation included in the general comments on the draft report.





Because connectivity can be defined in many ways, the Report needs to define and concisely discuss what is meant by “connectivity” at the beginning of Chapter 3. Currently, connectivity is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





Recommendations





· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report, and a discussion included on how the scientific literature was used to establish the degree to which such connectivity was determined to have an effect on downstream water quality.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





3.2.2.	Defining the Scope of the Report	Comment by Josselyn: (Josselyn) See my recommendation on this section in the general comments on the draft report.





The SAB finds that the scope of the Report, with respect to the types of wetlands and water bodies covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various water bodies and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However; however, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of water bodies and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the wetland definition of Cowardin et al. (1979) to describe wetlands, and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. definition of a wetland was used[footnoteRef:4]. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.	Comment by Murphy: (Murphy) I am still not comfortable about using Cowardin et al 1979. The report is attempting to define what water bodies, wetlands or otherwise are included in the WUSA definition. Cowardin was developed to address other regulatory needs. The EPA report needs to develop its own definition.	Comment by Siobhan  F: (Fennessy) An excellent account of our discussion  [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.]  [4: 2 In response to questions from the SAB about the use of the “one parameter” wetland classification, EPA scientists explained that much of the scientific literature does not specify the method used to delineate the wetlands under study. Thus, EPA scientists used the broader ‘one parameter” definition of wetlands to more fully assess the entirety of the available scientific literature.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining what are considered waters and wetlands.	Comment by Sullivan: (Sullivan) And other water bodies?





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as wetlands or other water bodies (see discussion in Section 3.5.2 of this report). The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





· The differences between the wetland and waters definitions used in the Clean Water Act regulations and those used in the Report should be clearly explained. The Report should document, based on the scientific literature, what differences this may have on determining the degree of connectivity between wetlands and waters with downstream water quality.	Comment by Josselyn: (Josselyn) new recommendation.





3.2.3.	Use of a Flowpath Framework	Comment by Murphy: (Murphy) This is a crucial section. The writing needs to be simplified and made more concise. Further, the SAB report needs to write this to provide clear concepts and resultant terminology that consistently inform the entire rest of the discussion. 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and areprimarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 	Comment by Duncan: (Patten) This may be the most critical recommendation of our report.  This framework either demonstrates the connectivity that is important or side steps the often critical but ignored connections. 	Comment by Benda: (Benda) See previous comment about the use of the term “hydrological.”	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) this statement  or the parenthetical part of it should follow  the statement earlier about "highlighting four dimensional nature...."





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of physical, hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., physical= brown, hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (e.g., .. For example, the Ogallala aquifer) underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina. Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling that transitions to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.	Comment by Tank: (Tank) The description of the revision of Figure 1-1 (to be new Figure 3-1?) is somewhat long and a bit confusing. Perhaps it would be more effective if an example of new figure was inserted here? 	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) include  in examples deep  carbonate aquifer cross basin connections such as found in the Great Basin	Comment by Aldous: (Aldous)	Comment by Allan: (Allan) Is reference to the Ogallala aquifer relevant? I thought this was a deep aquifer with relatively little connection to surface water and shallow ground water. If that is so, we are extending our time horizon to very long geological time.	Comment by Allison Aldous: (Aldous)  This section needs specific citations





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains.. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) see above comment. This is important because impacting GW in one basin can effect flows in another including flows of rivers. 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, groundwater, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). In all three block diagrams, bedrock groundwater systems and flowpaths should be included to illustrate subregional/regional connectivity.	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)





Some editorial or technical corrections are needed in the Report to address various omissions, inconsistencies, and errors in the hydrology section, as well as other sections, of the Report. These and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 	Comment by Aldous: (Aldous)





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by (Horton (1945). 	Comment by Murphy: (Murphy) I’m not sure this distinction, which is difficult for non-hydrologists to understand, is important. Just call it Excess Overland Flow and cite the two papers.	Comment by Aldous: (Aldous)





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by (Dunne and Black1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further discuss variable source explain how areas and how theycontributing runoff expand and contract, and therefore changechanging the way that landscapes connect through storms and seasons (Dunne and Black 1970). Variable source areas have particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which are highly variable in space and time. The incomplete discussion of variable source areas is a critical shortcoming of the current version of the Report because it is through variable source areaThe expansion that waters and wetlandsof runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally becomechange the headward extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendationvariability suggests that connectivity be discussed as a continuous phenomenon.within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely and has organized the Report in sections, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscapes are considered to be discrete, it is important to clearly state that; however, the lines delineating these landscape categories are conceptual and/or fluid, i.e., that there areis no fixed bright lines betweenscientific consensus on separating the categories.	Comment by Murphy: (Murphy)	Comment by Harvey: (Harvey) Additional references.	Comment by Meyer: (Meyer) Noting that connectivity should be discussed as a “continuous phenomenon” is different than saying that there is a gradient of connectivity.
	Comment by Murphy: (Murphy)





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996). This document was developed with funding from the EPA and it provides an effective way to characterize groundwater systems in diverse hydrogeological settings; (e.g., Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Aldous: (Aldous)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics.. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among thethese habitats often throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke et al. and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely., thus Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Fausch: (Fausch)	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Murphy: (Murphy)





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.	Comment by Benda: (Benda) The issue of characterizing the strength of connectivity by illustrating it (in words, examples and better yet by diagrams or sketches) for each EPA connectivity component (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could be included in this section.






· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of physical, hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 	Comment by Kolm: (Kolm)





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) important point





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report and, described in the context of connectivity between waters and wetlands and downgradient waters.  and shown to be critical to the biological integrity of these connected waters.





· In presenting this conceptual framework, the Report should also discuss the temporal and spatial significance of the various pathways to downstream water quality.	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





 


3.2.4.	Revising and Defining the Terminology Used in the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms would employ a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire Report. 	Comment by Kolm: (Kolm)
	Comment by Duncan: (Patten) this seems to imply that four dimensional is a biological characteristic ... it is fundamentally a hydrological characteristic on which other phenomenon are connected. At least that is my take on it....	Comment by Allan: (Allan ) See my comments in the general comments on the report. If non-floodplain wetlands is to become the preferred term, I would like to see this section of the SAB report expanded to explain the reasoning





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” which the SAB notes could be connected to downstream waters through subsurface connections. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Harvey: (Harvey)	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Johnson: (Johnson) Duration and extent.	Comment by Duncan: (Patten) or necessarily, hydrological isolation as many "isolated wetlands" have a connection to groundwater flows which eventually connect to larger water bodies.  Also, there is a whole literature on isolated wetlands so why should they drop the term as it is widely used. 





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) and also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact. Although EPA may want to call such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.	Comment by Allan: (Allan) This troubles me given that nowher4e to this point has the SAB review indicated what time scale it is considering (and later in the SAB Review the timeline is extended to thousands of years).	Comment by Benda: (Benda) Although true as a general conceptual principle, I think it needs to be qualified somewhere in the EPA Draft Report that in practical (policy) terms (human time frames, land use pressures, limits of understanding, strength of connection), not everything is connected to everything else (as mentioned by more than one of the public commenters, e.g., “everything is connected to everything else” is not useful, including in the context of recent Supreme Court decisions). It is the responsibility of regulatory agencies, using various measures of strength of connectivity, to determine, out of this general scientific principle, what types of connections need to be protected to maintain healthy aquatic ecosystems.	Comment by Duncan: (Patten) this idea is bothersome. Should we "define" what we mean... for example, the amount of time that a groundwater flow moves across a basin to connect with rivers????





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)





3.2.5.	Layers of Complexity in the Conceptual Framework	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report,





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhancedenhanced by connectivity connectivityand while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the report and explicitly made in the section on unidirectional wetlands. Including Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 	Comment by Duncan: (Patten) is this repetitive? If so, maybe good....	Comment by Fausch: (Fausch)	Comment by Johnson: (Johnson)	Comment by Duncan: (Patten) do we imply here that some waters are truly isolated?   Or is this covered by "relative isolation"?	Comment by Aldous: (Aldous)





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.
	Comment by Allan: (Allan) Might be an opportunity to clarify some important timeframes of freshwater connectivity, such as 100-year floods (while acknowledging that events on even longer time frames, such as debris movements, can be important). I am uncomfortable with an open-ended temporal scale that might appear to embrace very long time scales.





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are long- lived or cumulative. Long -lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure (including connectivity) and function of downgradient waters over the scale of decades. Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki 2007). 





The SAB recommends that the Report compare and contrast the humid eEast and the arid sSouthwest and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitudeare most impacted by frequently recurrent rainfall events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitudeare primarily shaped by lower frequency rainfall events. The latter are nono less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands. This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Fausch: (Fausch)	Comment by Fausch: (Fausch) I do not fully understand the point of this sentence.	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point	Comment by Duncan: (Patten) should give a groundwater example here.... all these are surface examples... groundwater withdrawal can decrease connectivity, for example.   Since we emphasize groundwater connections in the framework, we should give GW examples. 	Comment by Siobhan  F: (Fennessy) Add a final sentence that we recommend the Report incorporate the effects of human alterations on connectivity (to ensure we are clear)






Flow and Transport Forcings and Regionalization	Comment by Sullivan: (Sullivan) I find this subtitle to be a bit awkward





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for states such as Hawaii and Alaska.regions of highly unique ecohydrology. This problem has been identified by a number of public commenters. For example, Alaskan streams and wetlands reflect a climate and solar aspect that is not represented elsewhere and Hawaii is also unlike other part of the US. The arid Southwest experiences a unique combination of climate and geology that conspire to create highly discontinuous flow regimes and riparian ecosystems (RWRD 2008)      The EPA therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004).) or a similar system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.	Comment by Murphy: (Murphy) This sounds like ‘selling.’





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligibleat sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 may make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Duncan: (Patten) surface and groundwater	Comment by Sullivan: (Sullivan) I find sufficient spatial scale to be unclear.	Comment by Johnson: (Johnson) Link this to “integrity” which is an EPA concern.






Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Many sStudies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and planned future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Johnson: (Johnson)	Comment by Siobhan  F: (Fennessy) Is this the word we want?  Perhaps ‘reflects the combination’ or ‘the aggregation’?	Comment by Johnson: (Johnson)





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 	Comment by Duncan: (Patten) why does mapping resolution only apply to streams?  Why not also wetlands and other water related entities? 





It is critical that readers of the Report understand that many databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM.  (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) physical, chemical, and biological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances inin the  technology used for the analysis.	Comment by Johnson: (Johnson)





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.


· The Report could more explicitly mention of the issue of evaluating, measuring and predicting the strength of connectivity and thus the significance of connectivity effects could be included. Each component of the EPA’s Draft Report (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could include discussion covering the issue of strength of connectivity, ideally utilizing a real life example, model simulation or at minimum a conceptualization. 	Comment by Benda: (Benda) additional item.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the agency EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.	Comment by Josselyn: (Josselyn) I concur with this recommendation.
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[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands”. The SAB finds that the focus on hydrologic connections in Section 5.4 and elsewhere does not account for important biological exchanges, not transported stream flow, that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, shallow ground water, deep ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994), especially those that address material flows generated by avian fauna, be added to the Report. Findings from additional literature on theEvidence from the literature on biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are is overwhelming and is particularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Duncan: (Patten) I think this is stretching connectivity... this could connect almost any location. 	Comment by Johnson: (Johnson) Insert references provided by Rob Brooks here





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) this worries me... 





· The literature review should analyze the scientific literature to specifically address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. Geographic differences, especially as it relates to precipitation, should be analyzed. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian/floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 





Similarly the SAB recommends that Figure 1, shown below, be used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). 	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?











Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms. 	Comment by Kolm: (Kolm) Not accurate for all case histories: Terminal salt lakes and playas may also have strong hydrologic connections like we see in Nevada and Death Valley, CA. Recommend deliting the sentence or modifying it to include both end members.

General comment: Each of the case histories presented could use a cross-sectional diagram illustrating the hydrology and connectivity of the features and region. It is difficult for most readers to visualize these descriptions of structure and function. [6:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible based on the scientific literature and provide specific statements on where the literature is lacking or incomplete. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude, short duration floods may infrequently connect non-riparian/non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Sullivan: (Sullivan) It seems like a predictability framework could also vbe helpful in understanding the degree of connectivityoutlined here (e.g., waterfowl migration moves nutrients at high magnitudes at relatively predictable intervals).	Comment by Benda: (Benda) Although mentioned previously in these comments, the issue that all waters are connected over sufficiently long time scales is highlighted again using the scale “thousands of years”. How many thousands of years? 1, 10, 100, 1000?  If the SAB wants to encourage EPA to consider hydrologic-habitat connectivity at these extended time scales, perhaps it should provide some guidance on how to determine the strength of those connections, in the context of policy making which is the ultimate use of the EPA Connectivity Report. The issue of expanded time scales comes up in other areas of the SAB review including under “Recommendations” (Pg. 50, lines 6-7).
	Comment by Allan: (Allan) I feel this seemingly side-steps the issue of degree of connectivity and the gradient comcept.	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 	Comment by Duncan: (Patten) we have this recommendation earlier but does this weaken the connectivity argument as it can be interpreted as geological time (e.g., millennia). 	Comment by Allan: (Allan) Although this statement acknowledges variation in magnitude of connectivity, I think the SAB review should direct the EPA Report towards greater specificity, rather than towards very general statements that provide little guidance on the degree of connectivity. Might this be an opportunity to suggest that, while all systems are connected, the strength of connectivity is affected by many variables and is best decided on a case-by-case basis?





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are likely to be connected to downstream water (in various magnitudes) over sufficiently long time scales., yet the effects of these connections vary widely in magnitude across wetlands.	Comment by Murphy: (Murphy) Without the second clause this is an entirely different recommendation!





· The EPA should assess connectivity in terms of downstream effects, not just in terms of based upon the frequency, magnitude, or and duration of connections.	Comment by Murphy: (Murphy)





· The Report should emphasize that while that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales, such connections may not be relevant if they do not have important effects on downstream water quality. As a result, the Report should access connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 	Comment by Josselyn: (Josselyn) I suggest this to replace the two bullets above..








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013).. The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  In particular, extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts.	Comment by Fausch: (Fausch) Additional text.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways and to describe to the degree possible how connectivity may have been reduced or eliminated by such human disturbances.


[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Duncan: (Patten) for example????  years, decades, centuries... etc. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands (ASTM, 1996; Kolm, et. al, 1996), and can be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the fourfive pathways by which non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 





· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that, as has been done for prior conclusions, the authors remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a	Comment by Johnson: (Johnson) I think we can delete this, and include comments only on the key findings that require changes.





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of these man made wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity can occur between [non-floodplain] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”	Comment by Duncan: (Patten) this statement ultimately connects most wetlands and rivers regardless of proximity or any close geographic locations. 





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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From: Armitage, Thomas
To: kkolm@mines.edu
Cc: adr79@cornell.edu; Goodman, Iris
Subject: List of assignments for revision of SAB Connectivity Panel Report
Date: Friday, May 09, 2014 1:34:00 PM
Attachments: Kolm_action items_5_8_14.docx


SAB Connectivity Panel Draft Report_4_23_14 (markup).docx


Hi Ken,
 
Attached please find a list of your assignments for revision of the SAB Connectivity Panel’s report. 
 These are based on my notes from the two teleconferences last week.  If possible, I would like to


 receive revisions by Monday, May 19th .   I have also attached the word file of the 4/23/14 markup
 draft.
 
I will incorporate your revisions into next draft of the report which will be sent to the Panel for


 review and discussion on the June 19th conference call.  Please feel free to call me if you have
 questions.   Thanks very much.
 
Tom Armitage
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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1. Literature citations and additional brief text on metrics of connectivity will be included. The additional references and text will be provided by Kolm, Sullivan, Murphy, and Harvey (Kolm – for groundwater/surface water modeling studies; Sullivan – for relative connectivity;  Murphy; Harvey ) (Chair will insert the material provided by the panel members)





2. Subsection 3.5.3: Additional references on groundwater will be included in the section on spatial and temporal connectivity of floodplain environments to river systems. (Kolm)





3. Page 56, lines 41-47: The text will be clarified (Kolm)
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This draft report contains Panel member edits and comments on the 3/25/14 draft SAB Review of the EPA document titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft)








EPA-SAB-14-xxx





The Honorable Gina McCarthy


Administrator


U.S. Environmental Protection Agency


1200 Pennsylvania Avenue, N.W.


Washington, D.C.  20460





Subject:  SAB Review of the Draft EPA Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence





Dear Administrator McCarthy:





The EPA’s Office of Research and Development (ORD) requested that the Science Advisory Board (SAB) review the draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft) (“Report”). The Report is a review and synthesis of the peer-reviewed literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The Report was developed by ORD to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. 





In response to the EPA’s request, the SAB convened an expert panel to review the Report. The Panel was asked to comment on: the clarity and technical accuracy of the Report; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions are supported by the available science. The enclosed report provides the consensus advice and recommendations of the Panel.





The Report is a thorough and technically accurate review of the literature on the connectivity of streams and wetlands to downstream waters. The SAB agrees with two out of three of the EPA’s major conclusions. The SAB agrees that the scientific literature supports the conclusion that streams and bidirectional (riparian and floodplain) wetlands are physically, chemically, and/or biologically connected to downstream navigable waters. However, the SAB recommends some revisions to improve the clarity of the document, better reflect the scientific evidence, and make it more useful to decision-makers. The SAB disagrees with one of the Report’s key conclusions concerning the connectivity of non-floodplain wetlands. In this latter case, the SAB supports a more definitive statement that the scientific literature does provide adequate information describing the numerous functions of unidirectional wetlands that benefit downstream water quality. Our major comments and recommendations are provided below.	Comment by Aldous: (Aldous) Additional text.	Comment by Aldous: (Aldous) Additional text.	Comment by Johnson: (Johnson)  Is an overarching recommendation that we’d like to see the information presented in a more quantitative manner.  “The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity. 





· The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. In order to make the Report more technically accurate and useful to decision makers, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. 	Comment by Meyer: (Meyer) The recommendation of a gradient rather than dichotomous approach is part of the discussion of non-floodplain wetlands (e.g. Report p. 52); yet when this recommendation is made here, it sounds as though it refers to streams as well, and I do not think this is supported in what has been written in the report.   In fact, on the next page (line 33) we state “all tributary streams are connected to downstream waters.”  That does not sound like a gradient of connectivity to me!	Comment by Aldous: (Aldous) 	Comment by Ali: (Ali) I would like the difference between “strength” and “magnitude” to be explained better, and I would also like the frequencyaspect to be included in this statement as it can be critical in assessing the importance/significance of connections.	Comment by Gooseff: (Gooseff) Should we include frequency?





· The Report presents a conceptual framework that describes the hydrologic elements of a watershed and the types of connections that link them. The literature review supporting the framework is technically accurate and clearly presented. However, to strengthen and improve its usefulness, the SAB recommends that the framework be expressed as spatially continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths that connect watersheds. The water body classification system used in the Report should be mapped onto the flowpath framework to show that continuous phenomena interact across landscape settings. In addition, the SAB recommends that each section of the Report be clearly linked to the framework.	Comment by Harvey: (Harvey) Recommend preceding the word continuous with the word spatially so as to be clear that iit is continuity in space and not time	Comment by Aldous: (Aldous) This needs clarification.





· The SAB recommends that the Report more explicitly address the cumulative and aggregative effects of streams, groundwater systems, and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams, groundwater systems, and wetlands are functionally aggregated. We also recommend that, throughout the Report, the EPA expand coverage of several important issues including the role of biological connectivity, biogeochemical transformation processes, and the effects of human alteration of connectivity.





· In the Report, the EPA has classified waters and wetlands as either having the potential for “bidirectional” or “unidirectional” hydrologic flows with rivers and lakes. The SAB finds that these terms do not adequately describe the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity and recommends that they be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. 	Comment by Fausch: (Fausch)





· The SAB commends the EPA for the comprehensive literature review in the Report. To make the review process more transparent, we recommend that the EPA more clearly describe the approach used to screen, compile, and synthesize the information. The EPA should verify and explicitly state that the Report summarizes those studies that failed to show connectivity along with those that demonstrate connectivity. 	Comment by Harvey: (Harvey) Do we need to be concerned that this appears to contradict another recommendation we make that the report state that “over sufficiently long time scales all aquatic habitats are connected to downstream water?





· The SAB finds that the review of the literature describing connectivity of headwater streams reflects the pertinent literature and is strongly grounded in current science. The literature review provides strong scientific support for the conclusion that ephemeral, intermittent, and perennial streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are connected to downstream waters. We recommend that the literature review more thoroughly address hydrologic exchange flows between main channels and off channel areas, the influence of stream temperature on downstream waters, and the movement of biota throughout stream systems to use critical habitats.	Comment by Harvey: (Harvey)	Comment by Kolm: (Kolm) There is abundant literature regarding the physical, chemical, and biological connectivity of systems due to groundwater systems, and due to physical, chemical, and biological sediment in surface water systems that needs to be cited.





· The SAB finds that the literature synthesis on the connectivity of waters and wetlands in riparian/floodplain settings ishas been correctly  summarized correctly in the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways. However, the SAB recommends that the Report be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Further, weWe also recommend that the Report more fully reflect the literature on lateral exchange between floodplains and rivers, and more explicitly discuss how floodplain environments are linked to river systems by means of the flood pulse.	Comment by Kolm: (Kolm) The linkage of floodplains and rivers is primarily through groundwater systems and needs to be stated. Flooding is just a recharge event for the groundwater systems, and affects the water tables significantly in the short term, but the long term connectivity between groundwater system and the river is significant for chemical and biological activity on both the surface and in the subsurface.	Comment by Fennessy: (Fennessy)	Comment by Sullivan: (Sullivan) There was not general consenasus that the literature on connectivity of waters and wetlands in floodplain settings was properly summarized, but rather that the focus was largely on non-floodplain riparian zones.





· The SAB finds that the review and synthesis of the literature on the connectivity of non-floodplain (“unidirectional”) waters and wetlands is generally thorough, technically accurate, and clearly presented. We recommend including additional information on material flows generated by fauna, particularly avian fauna.	Comment by Johnson: (Johnson) This could be strengthened to state why this is so important (e.g., because literature has document significant contributions of…	Comment by Fennessy: (Fennessy)	Comment by Siobhan  F: (Fennessy) Do we want to limit this comment to avian fauna, or include fauna more generally





· The SAB disagrees with the EPA’s conclusion that the literature reviewed did not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings. The SAB finds that the scientific literature does provide information to support a more definitive statement and recommends that the EPA revise the conclusion to better articulate: 1) those aspects that are clearly supported by the literature and, 2) the issues that still need to be resolved.





·  The SAB also recommends that the Report indicate that over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely across wetlands.	Comment by Tank: (Tank) This should be a separate bullet.





· Finally, the SAB finds that the EPA’s Report could be strengthened by careful editing to ensure that it is more clearly organized , concise, and written in a consistent style and voice.	Comment by Fennessy: (Fennessy) 





The SAB appreciates the opportunity to provide the EPA with advice on this important subject. We look forward to receiving the agency’s response.





	 


					Sincerely,





						








Science Advisory Board (SAB) Draft Report (4/23/14) to Assist Meeting Deliberations - Do not Cite or Quote


This draft is a work in progress, does not reflect consensus advice or recommendations, has not been reviewed or approved by the chartered SAB, and does not represent EPA policy.
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NOTICE





This report has been written as part of the activities of the EPA Science Advisory Board (SAB), a public advisory group providing extramural scientific information and advice to the Administrator and other officials of the Environmental Protection Agency. The SAB is structured to provide balanced, expert assessment of scientific matters related to problems facing the Agency. This report has not been reviewed for approval by the Agency and, hence, the contents of this report do not necessarily represent the views and policies of the Environmental Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor does mention of trade names of commercial products constitute a recommendation for use. Reports of the SAB are posted on the EPA Web site at http://www.epa.gov/sab
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The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them, and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking to clarify the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focuses on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. Four Six case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 	Comment by Ali: (Ali)





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document; whether it includes the most relevant peer reviewed literature; whether the literature has been correctly summarized; and whether the findings and conclusions in the Report are supported by the available science. This Executive Summary highlights the findings and recommendations of the SAB in response to the charge questions provided in Appendix A.





Overall Clarity and Technical Accuracy of the Report





The SAB was asked to provide its overall impressions of the clarity and accuracy of the Report. The SAB generally finds that the Report is an extensive review of the literature on the connectivity of streams and wetlands to downstream waters that is both thorough and technically accurate. However, the Report could be strengthened by careful editing to ensure that it is more clearly organized, concise, and written in a consistent style and voice. Some terms and definitions are not used consistently in all parts of the document. The SAB recommends that a revised the conceptual framework proposed in these comments which describesdescribing the hydrologic elements of a watershed and the connections that link them be used to integrate the entire Report. Each section of the document should be clearly linked to this framework. In addition, the key points in each chapter of the Report should be clearly stated at end of the chapter, and a succinct table summarizing all of the key findings of the Report should be included in the executive summary. 	Comment by Duncan: (Patten) is this statement supported by all of the commentary and suggestions of the review?  Is there another way of saying this that isn't so "absolute"?	Comment by Johnson: (Johnson) Including the glossary	Comment by Aldous: (Aldous)





The Report is a science, not policy document, but it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. The SAB finds that the report could be more useful to decision-makers if it brought more clarity to the interpretation of connectivity, especially with respect to: (1) quantification of the degree, magnitude, or consequences of connectivity, and (2) the cumulative or aggregate effects of streams and wetlands on downstream waters. The Report often treats connectivity as a binary property, either present or absent, rather than as a gradient. The SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections. The SAB also recommends that the Report more explicitly address the cumulative effects of streams and wetlands on downstream waters, particularly the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Meyer: (Meyer) give an example of the terms we are recommending.  It would make this much clearer
	Comment by Ali: (Ali) The terms “degree”, “strength”, and “magnitude” mean pretty much the same thing. This statement says nothing about frequency and duration though.	Comment by Meyer: (Meyer) Once again, the recommendation of a gradient approach recommended for wetlands is recommended for streams as well, and I do not think that is what we have recommended.
	Comment by Ali: (Ali) The difference between strength and magnitude should be explained.





The literature review in the Report could be strengthened by more clearly describing the approach used to screen, compile, and synthesize the information and by including additional references provided by the SAB. The EPA should confirm and state that studies failing to show connectivity were cited in the Report along with those that demonstrate connectivity. The SAB finds that the case studies in the Report provide helpful illustrations of the connectivity of streams and wetlands in certain geographic areas to downstream waters, but the relevance of the case studies would be more apparent if the Report explained how they were selected and also presented them more succinctly in text boxes throughout the document.





Clarity and Technical Accuracy of the Conceptual Framework in the Report





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in the Report. The literature review supporting the conceptual framework is thorough and technically accurate but the SAB recommends some revisions to improve the clarity, accuracy, and usefulness of the framework. Connectivity should be defined at the beginning of the Report and the SAB recommends that this definition include connections within and among entire watersheds and underlying aquifers. The EPA should clearly state in the Report what are considered “waters” and “wetlands” and how they are distinct from the federal regulatory definition. 





The SAB recommends that the conceptual framework in the Report be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds. The framework should also illustrate the importance of climate, geology, and relief on flow and transport and highlight the four-dimensional (longitudinal, lateral, vertical, and temporal) nature of connectivity. In the Report, the EPA discusses connectivity within a classification system based on discrete landscape settings (i.e., rivers and streams; waters and wetlands in riparian/floodplain settings; and waters and wetlands in non-riparian/non-floodplain settings). The SAB recommends that this classification system be mapped onto the flowpath framework to show that continuous phenomena interact across these discrete landscape settings. There should be more emphasis in the conceptual framework on the importance of groundwater connectivity and biological connectivity. Additional layers of complexity also should be included in the conceptual framework to reflect important issues such as spatial and temporal scales and human alteration of the hydrological landscape.	Comment by Kolm: (Kolm) Need to include physical for the geomorphological connectivity including topographic connectivity (valleys, channels) and physical sediments in the geomorphological environment (eolian and fluvial) and for the geological/hydrogeological/hydrogeomorpological connectivity including subsurface connectivity (flow through porous media and fractured/karst materials). See comments on the conceptual model section.	Comment by Duncan: (Patten) should the temporal aspect of the four dimensions be added here and later? Basically explain this when first stated. 





In the conceptual framework, the EPA has classified waters and wetlands based on their potential to have bidirectional or unidirectional hydrologic flows with rivers and lakes. Some unidirectional wetlands are also called “geographically isolated wetlands.” However, the terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity and therefore should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature. The term “geographically isolated wetlands” is misleading because all waters and wetlands are connected at sufficiently long time scales. The Report should explain that the term “geographically isolated” does not imply functional isolation. In addition, the SAB recommends that a summary and synthesis of the conceptual framework be added to the end of Chapter 3 of the Report.	Comment by Mark Rains: (Rains) The Report already does this. We actually recommended that they go a step further, and not use this term at all to the extent possible.





Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





The Report contains an excellent review of the scientific literature describing the connectivity of headwater streams to downstream waters. Nevertheless, further discussion of the literature on several specific topics is warranted. The review should be expanded to include more complete discussion of temporal dynamics of connectivity as well as the processes involved in hydrologic exchange flows between main channels and off channel areas. The discussion of naturally occurring chemical constituents, contaminants, contaminant transformation processes, and the influence of stream temperature on downstream connectivity also should be expanded. In addition, the Report should more thoroughly document the evidence that the biological integrity of headwater streams and downstream waters is affected by the movement of biota throughout the lotic system. Other important topics that should be further discussed include: the consequences of human alteration of headwater streams; aggregate and cumulative effects of headwater streams on downstream waters; the effects of streamside vegetation on stream ecosystems; the importance of  reciprocal food-webs linkages between streams and their adjacent  from riparian areas to stream ecosystems; the role of groundwater and sediments in determining connectivity, and the degree or strength of downstream connections.	Comment by Kolm: (Kolm) 





Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams 





[bookmark: _Toc58926856][bookmark: _Toc59252197][bookmark: _Toc59347806][bookmark: _Toc59424669][bookmark: _Toc59517965][bookmark: _Toc65285547][bookmark: _Toc71962575][bookmark: _Toc72113550][bookmark: _Toc99930878][bookmark: _Toc260313040]The Report concludes that streams exert a strong influence on the character and functioning of downstream waters and that all tributary streams are physically, chemically, and biologically connected to downstream waters. While strong scientific support has been provided for these conclusions and related findings, the conclusions and findings should be quantified whenever possible, related to the four dimensions of connectivity, (longitudinal, lateral, vertical, and temporal), and give more attention to biogeochemical transformations and biological connections. In addition, some hydrologic aspects of connectivity require additional detail. These include descriptions of key linkages and exchanges in tributary streams, such as groundwater-surface water interactions, as well as the role of transition areas between uplands and headwaters. Likewise, the Report should explain how hydrologic connectivity sustains both streams and aquifers, particularly in alluvial systems in the Southwestsouthwest and in karst systems in the eastern U.S. The EPA should also consider summarizing and displaying the conclusions in the Report in matrix form with brief characterizations of the temporal and spatial scales over which given functions or phenomena occur. Articulating the rationale for choosing the specific the case studies would help ensure that the keys points are well illustrated.	Comment by Kolm: (Kolm)	Comment by Patten: (Patten)





Literature on Waters and Wetlands in Riparian/Floodplain Settings





The literature synthesis on the connectivity and downstream effects of waters and wetlands in riparian/floodplain settings hasclearly supports been  thethe conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, additional emphasis of certain topics, and in some cases review of more recent and diverse literature, is needed in the Report. The review of the literature on riparian and floodplain wetlands should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. The SAB recommends that the Report discuss the functional role of floodplains and wetlands in the entire landscape setting. The term “bidirectional wetlands” should therefore be replaced with the term “waters and wetlands in riparian/floodplain settings” to reflect landscape position. The review should more fully reflect the literature on lateral exchange between floodplains and rivers followed by downstream transport. In addition, an integrated discussion of the functional attributes of floodplains as habitats should be included in the review. 	Comment by Sullivan: (Sullivan) There was general consensus among Panel members that the focus onnon-floodplain riparian areas was inappropriate for this section.	Comment by Fennessy: (Fennessy)	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) we say this and then add a "however" statement later on... is the literature truely "correctly summarized"??	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) (September 2013 External Review Draft)(here and elsewhere... by suggesting this change we are suggesting changing from hydrological flow description to a spatial  landscape description whch is quite different in concept.  We need to recognize that we are making that major shift in emphasis. 





Other topics should also be emphasized. The Report should more explicitly discuss how floodplain environments are intimately linked to river systems by means of the flood pulse. In this regard, the importance of the short duration high intensity and long duration low intensity events should be compared and contrasted. The Report should also review additional literature on: channel migration zones (which demonstrate the variable nature of connectivity of floodplains); the importance of sediment movement, erosion and deposition; lateral connections that create a diversity of habitats supporting a wide array of species; and human impacts on connectivity. In addition, the Report requires a more recent and diverse review of the biogeochemical implications of exchange flow, including the literature on the role of wetlands and floodplains as sources, sinks, and transformers of nutrients and other chemical contaminants. The SAB also recommends that the examples used in the Report be broadened to make it more representative of the U.S. In particular, studies on peatlands in floodplain settings and forested wetlands, including bottomland hardwoods, should be incorporated.





Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





The findings and conclusions concerning waters and wetlands in riparian/floodplain settings are discussed in Section 1.4.2 of the Report. There is strong scientific support for the overall conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through physical, chemical, and biological pathways. However, additional literature would bolster the findings and conclusions in Section 1.4.2 of the Report. The SAB finds that many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones) and that this weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving waters. A broad discussion of floodplain systems is warranted, including an explanation of the floodplain areas that can and cannot be classified as wetland.wetlands. The discussion of the findings and conclusions should further address a number of other issues including: the temporal dimension of connectivity of waters and wetlands in riparian/floodplain settings; the role of these waters and wetlands in storing and transforming chemical constituents; the role of biological connectivity (including food webs), quantification of groundwater linkages, the effects of human alteration of connectivity; and the importance of considering aggregate/cumulative downstream effects of these waters and wetlands. In addition, the SAB recommends that the conclusions be more empirically and/or specifically described (e.g., indicating the percentage of studies that supported a conclusion) and that consistent terminology be used throughout the report to describe riparian and floodplain wetlands.	Comment by Tank: (Tank) This is the first time in the summary that a specific Section location is mentioned (e.g., Section 1.4.2 of the Report). This should either be avoided for all subsections of the Executive Summary, or done for all. As it stands, it seems out of place to only mention this one. 	Comment by Sullivan: (Sullivan)	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) I find the requirement to state the % of studies supporting a conclusion to be unusual.  One rarely sees that in a literature review.






Literature on Waters and Wetlands with the Potential for Unidirectional Hydrologic Flows to Rivers and Lakes	Comment by Meyer: (Meyer) if we are critical of their use of the term “unidirectional,” then when we use it, it should be in quotes





In general, the EPA’s review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is thorough, technically accurate, and clearly presented. The SAB recommends that the EPA consider adding some additional publications on biological connections and “geographically isolated” wetlands. Inclusion of publications that analyze material flows generated by birds is important as they spatially integrate these wetlands through their movements. The term “unidirectional wetlands” as used in the report is misleading because it implies one-way hydrologic flows when, in fact, connectivity can have many spatial and temporal dimensions. The SAB recommends that the terms “unidirectional” and “geographically isolated” waters and wetlands be replaced in the report with the term “non-riparian/non-floodplain waters and wetlands.” The SAB also recommends that the EPA frame the discussion about the temporal and spatial scales, types, and gradients of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters by considering the magnitude, duration and frequency of surface and subsurface connections. The magnitude, frequency, and durationsduration of the connections should be specified to the degree possible from the literature, with acknowledgment that all aquatic habitats are connected to downstream waters over sufficiently long time scales. In addition, the Report should discuss the importance of assessing wetland connectivity and connectivity pathways in terms of aggregated wetland complexes and the legacy effects of human disturbances.	Comment by Duncan: (Patten) see comment above... these two terms mix hydrological flows and spatial location... geographic isolated is not the only unidirectional (I don't think). There is some advantage to using "geographically isolated" separate from "undirectiohnal" as there are wetlands that are truly isolated with little if any outflows. 	Comment by Siobhan  F: (Fennessy) It seems we should be consisnt in our recommended terminology throughout this report 	Comment by Duncan: (Patten) can we support this statement?  what do we mean by "sufficiently long time scales"?  Millennia?  This is an issue that may be raised wherever we use the concept "long time scale". 





Findings and Conclusions Concerning Waters and Wetlands with the Potential for “Unidirectional” Hydrologic Flows to Rivers and Lakes	Comment by Ali: (Ali) Throughout the report quotations should be used when referring to “unidirectional” and “bidirectional” wetlands, to reflect the fact that this is a terminology used in the EPA report but not a terminology or nomenclature that is adopted by the Panel. 





The SAB disagrees with the EPA’s overall conclusion in Section 1.4.3 of the Report indicating that “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” To the contrary, the SAB finds that the scientific literature does provide information to support a more definitive statement (i.e., numerous functions of unidirectional wetlands have been shown to benefit downstream water quality) and recommends that the EPA revise the conclusion to focus on aspects that are clearly supported by the literature and as well as the issues that still need to be resolved. The SAB also recommends that the EPA’s conclusions concerning “unidirectional” wetlands explicitly recognize connectivity as a gradient rather than a dichotomous categorical variable and highlight the fact that there are multiple mechanisms resulting in connectivity that occur over gradients of space and time. The following text should be included in these conclusions: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, though the magnitude and effects of these connections vary widely among wetlands.	Comment by Allan: (Allan) It would be helpful if the SAB review could be more explicit on these numerous functions.	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) a wishy washy statement.... too all inclusive which brings us back to the concept of  "sufficiently long time scale".... what does that mean or imply? 





The SAB recommends several revisions to improve the findings concerning “unidirectional” waters and wetlands. Reference to specific studies should be removed as the findings are intended to summarize general themes arising from a broad synthesis of the diverse literature. The key findings should be more explicitly presented and clearly explained in the text of the Report. In addition, the key findings should include: the biological functions and biological connectivity of unidirectional wetlands, differences between natural and manmade wetlands, the importance of spatial proximity as a determinant of connectivity, and the importance of cumulative or aggregate impacts of unidirectional wetlands.	Comment by Allan: (Allan) Is this really a good idea?	Comment by Kolm: (Kolm) Suggest adding that the SAB recommends that a systematic approach be taken to conceptualize the structure and function of “unidirectional/disconnected” wetlands. This should be undertaken by hydrogeologists, surface water, and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to “unidirectional” wetlands and extend this to include biological connections.
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2.  INTRODUCTION	Comment by Josselyn: (Josselyn) My only comment on this brief introduction is that it should contain a statement on the number of written comments received from the public on the Draft Science Report, the number of comments received in public testimony, and how those comments were incorporated into the Panel review process.





The National Center for Environmental Assessment in the EPA Office of Research and Development (ORD) has developed a draft report titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence (September 2013 External Review Draft). The draft report (hereafter referred to as the “Report”) is a review and synthesis of the peer-reviewed scientific literature on the connectivity or isolation of streams and wetlands relative to large water bodies such as rivers, lakes, estuaries, and oceans. The purpose of the Report is to summarize the current understanding of these connections, the factors that influence them and the mechanisms by which connected waters affect the function or condition of downstream waters. The Report was developed to inform an EPA and U.S. Army Corps of Engineers rulemaking on waters that are under the jurisdiction of the Clean Water Act. The Report is a scientific review and, as such, it does not set forth legal standards for Clean Water Act jurisdiction.





The literature review and synthesis in the Report focus on describing: (1) a conceptual framework that represents the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and the watershed climatic factors that influence connectivity at various spatial and temporal scales; (2) the downstream connectivity and effects of ephemeral, intermittent, and perennial streams; (3) the downstream connectivity and effects of waters and wetlands in riparian/floodplain settings; and (4) the downstream connectivity and effects of  waters and wetlands in non-riparian/non-floodplain settings. FourSix case studies from the literature are included in the report to illustrate the connectivity of water bodies in different landscape settings and geographic regions. 





The EPA asked the SAB to review the Report and comment on: the clarity and technical accuracy of the document, whether it includes the most relevant peer-reviewed literature, whether the literature has been correctly summarized, and whether the findings and conclusions in the Report are supported by the available science. In response to the EPA’s request, the SAB convened an expert panel to conduct the review. The Panel held a public meeting on December 16-18, 2013 to deliberate on the charge questions. This report provides the findings and recommendations of the SAB in response to the charge questions in Appendix A. The SAB recommendations are highlighted at the end of each section of this report. The order in which the recommendations are presented does not connote their relative importance. 
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[bookmark: _Toc260313044][bookmark: _Toc382414070][bookmark: _Toc385943125]3.1.	Overall Clarity and Technical Accuracy of the Draft Report		Comment by Murphy: (Murphy) This is the best written and organized part of the SAB report. Other sections need to follow this format/voice.





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.” 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is generally both thorough and technically accurate. However, the SAB finds that the Report could be strengthened technically improved by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document; (2) improve the usefulness of the document to decision-makers; (3) strengthen the literature review and conceptually clarify ecosystems according to the SAB’s suggestions (e.g., water bodies in floodplains, geographically “isolated” water bodies); (4) provide additional detail and clarification of text and concepts in some parts of the document; and (5) restructure the case studies. 	Comment by Sullivan: (Sullivan)	Comment by Duncan: (Patten) is it thorough?  we suggest literature that will complement the literature reviewed and thus that review is not thorough... is there a wheezle word to use	Comment by Murphy: (Murphy)	Comment by Tank: (Tank)  “Strengthen the literature review” should be expanded to clarify that this should be in certain key, identified areas. After all, we have said numerous times that the literature review was extensive. 	Comment by Duncan: (Patten) does statement does not support the statement that the review of literature was thorough. 	Comment by Sullivan: (Sullivan)





3.1.1 Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for consistency and continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters, subchapter sections, and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and can be repetitive in places, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should integrate the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the conceptual framework. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings and levels of certainty of each finding withinof the Report. The report of the Intergovernmental Panel on Climate Change (IPCC 2007) is an excellent model. 	Comment by Fausch: (Fausch) It might be useful to specify an example where the report is not consistent with the conceptual framework	Comment by Johnson: (Johnson) 





Recommendations	Comment by Duncan: (Patten) recommendations repetitive of above paragraphs but maybe that is good to emphasize points... applies through this section...





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently throughout the Report and caution should be exercised when using words that may have legal or regulatory meanings.








·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.








· Key points should be clearly stated at the end of each chapter.








· A succinct table summarizing the key findings of the report should be included in the executive summary.	Comment by Johnson: (Johnson) And level of certainty.








3.1.2.	Improving the Usefulness of the Report to Decision-Makers	Comment by Josselyn: (Josselyn) See comments on this section included in the general comments on the draft report.	Comment by Benda: (Benda) It might be useful to stress the importance of describing and illustrating how strength of connectivity can be evaluated, measured or predicted for each of the main topics including streams and tributaries, floodplains/riparian areas, floodplain wetlands and non floodplain wetlands. The need for this is mentioned is several other areas in the SAB review but it could be highlighted here as well.





Although the Report is a science, not policy, document, the SAB is aware that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider an approach similar to that used in the report of the Intergovernmental Panel on Climate Change (IPCC 2007) which would provide an estimate of the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property – either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity must significantly affect the biological, physical, or chemical integrity of downstream waters. As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichtomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”), a form of connectivity. In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.  In making this recommendation we refer to a specific section of the report.  This recommendation applies to that section; yet by putting it here without clarifying that it is specifically referring to non-floodplain wetlands, we are diluting the message that the literature says tributaries are connected to downstream waters.   Figure 1 (on p. 48 of our report) is clear in that it refers to wetlands; we need that clarity here. 
	Comment by Tank: (Tank)  The use of  the term “Report” (capitalized) throughout has referred to the document SAB reviewed, now the SAB Review document is mentioned as “this report” (no caps) in this line. The term then becomes confusing to a reader. Perhaps calling this document the “SAB Review” would distinguish it from “the Report”.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.	Comment by Benda: (Benda)	Comment by Benda: (Benda)





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali)  I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· There must be more analysis of the scientific literature to provide a better quantification of the degree, magnitude, and frequency of various hydrologic, chemical, and biological connections for each of the wetland types and “waters” that are discussed in the report to better understand the consequences that they have on downstream water quality. Where there is uncertainty in the understanding of these consequences, such uncertainty needs to be discussed. 	Comment by Josselyn: (Josselyn) Suggested rewording of previous recommendation.














· As further discussed in Section 3.8.1 of this report, the SAB recommends that the interpretation of connectivity be revised from a dichotomous, categorical distinction (connected versus not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and consequences of those connections.	Comment by Meyer: (Meyer) The recommendation of considering a gradient of connectivity may be appropriate for wetlands, but I don’t think it is appropriate for streams.  I think we are diluting the extent and significance of stream connectivity by calling for it to be viewed as a gradient.  We need to be clearer that this recommendation is directed at the discussion of wetlands, not streams.	Comment by Harvey: (Harvey) This may be difficult for EPA to do because there are few published studies that place results about the degree of connectivity in a broad comparative perspective.	Comment by Ali: (Ali) I have concerns about the use of the terms degree, strength, and magnitude in the absence of the word frequency.





· The Report should more explicitly address the cumulative and aggregate effects of streams and wetlands on downstream waters, a form of connectivity. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.	Comment by Allan: (Allan) A good recommendation but perhaps could be clarified with some supporting language.








· The Report should more explicitly explain how the scientific literature can be used to address the cumulative and aggregate effects of streams and wetlands on downstream waters. In particular the Report should determine if the scientific literature can support a more quantitative approach to the scale (both spatial and temporal) at which aggregation over a watershed (e.g. HUC classifications) should be considered to have an effect on downstream water quality. 	Comment by Josselyn: (Josselyn) Suggested recommendation on spatial and temporal scales








· The Report must explain how the definitions in the Report for rivers, streams, and wetlands differ from those used in the Clean Water Act and its regulations and how such differences may affect the analysis contained in the Report. In addition, the Report should present an analysis of the differences in the functions associated with vegetated and non-vegetated wetlands as defined in the Report. 	Comment by Josselyn: (Josselyn) Suggested new recommendation














3.1.3.	Strengthening the Literature Review	Comment by Josselyn: (Josselyn) See recommendation for this section in the general comments on the draft report.





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. In particular, the “weight of evidence” approach used to evaluate multiple references should be described in more detail. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The literature review should include studies both showing and failing to show connectivity. If an exhaustive literature review of these studies has been performed, this should be explicitly stated in the Report. The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public.	Comment by Duncan: (Patten) how does this statement tie back to our saying that the literature was "thorough"?	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias


 


Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature; (2) the kinds of evidence used to support the findings and conclusions; and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.








· Studies that failed to show connectivity should be cited in the Report along with those that demonstrate connectivity.	Comment by Meyer: (Meyer) What stream studies have failed to show connectivity?  I question whether there are any.  If this comment is in reference to wetland studies, then that needs to be made clear.  As currently written, the statement is too broad.  We are implying that EPA has not cited studies that fail to show connectivity, and I do not think that is the case.  We need to revise this wording to make it clear that we are not implying that EPA excluded studies that did not show connectivity; their review of the stream literature (which is the literature I know the best) certainly did not have this bias








· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.








· The Report should analyze the scientific literature evaluated for this report to determine where it may be insufficient to draw conclusions on the degree of connectivity for certain wetland systems or geographic areas by preparing a table that shows the distribution of the scientific literature for various regions of the US. 	Comment by Josselyn: (Joselyn) Suggested additional recommendation








3.1.4.	Additional Detail and Clarification of Text Needed in the Report	Comment by Josselyn: (Josselyn) See recommendation for this section included in the general comments on the draft report.





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information:





· The importance and relevance of different spatial and temporal scales. 	Comment by Benda: (Benda) The need of including explicit discussion on spatial and temporal scales is mentioned throughout the SAB review document covering all main EPA connectivity topics, and it should be emphasized here (line 36), as well as elsewhere in the SAB review document, that spatial and temporal scales are central to evaluating, measuring and predicting the strength of connectivity and thus the significance of effects, and hence ultimately how policy makers will deal with connectivity within the context of the Clean Water Act.	Comment by Siobhan  F: (Fennessy)   The report does deal with this to some extent.  It might be helpful to give an example here to show more specifically what we are looking for, e.g., local- to landscape-scale physical, chemical, and biological exchanges…. Etc.


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 	Comment by Mark Rains: (Rains) Also population/metapopulation dynamics, which is brought up in at least two separate comments in the full review.	Comment by Johnson: (Johnson) Do we want to have them focus on “material transfer” 


· Case studies of a greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  	Comment by Sullivan: (Sullivan) Are we saying that we want more case studies?	Comment by Siobhan  F: (Fennessy) In addition, the existing case studies can be edited to make them more focused and succinct


· Why a watershed and groundwater basin perspective is needed to understand connectivity. 	Comment by Kolm: 


· The importance of considering water bodies in aggregate (e.g., populations of tributaries and populations of floodplains, floodplain wetlands and non-floodplain wetlands) for evaluations of connectivity.	Comment by Benda: (Benda)


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes). Differences in the functions associated with these man-altered systems and their natural counterparts should be evaluated using the scientific literature base.


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands, and consistent use of these terms in text; although see SAB recommendations that follow that advise replacing the terms of unidirectional and bidirectional wetlands and geographically isolated wetlands with other terms.	Comment by Gooseff: (Gooseff) See my general comments. I am concerned that the definitions of stream and river that include both surface water and groundwater components will serve to confuse the public and decisionmakers	Comment by Meyer: (Meyer)  I thought we were saying that they should eliminate terms like geographically isolated and uni- and bi-directional wetlands.  It seems inconsistent to be calling for clearer definitions of terms that we are asking them to eliminate!
	Comment by Fausch: (Fausch) Given that the SAB proposed not using the terms unidirectional and bidirectional, these seem out of place here.	Comment by Ali: (Ali)  It might be at odds to suggest better definition of these terms and then suggest that they be discarded later in this report.	Comment by Sullivan: (Sullivan) We have recommended alternative terms for some of the terms used here. If we are recommending that other terms be used, it seems inconsistent that we are also recommending that these terms be used consistently in the text. I suggest explicitly listing terms we recommend the authors use and that these be used consistently throughout.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.	Comment by Benda: (Benda) It might be good for the SAB and the EPA to indicate (suggest) what some of these “needs” are.


· Groundwater connections (especially regarding floodplain and wetland connectivity) to other wetlands and surface water features.	Comment by Kolm: (Kolm)


· The role of chemical and biological substances/tracers in surface water and groundwater for establishing connectivity of water bodies.


· The role of sediment in surface water for establishing connectivity of water bodies.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the Report. 








3.1.5.	Restructuring the Case Studies in the Report	Comment by Josselyn: (Josselyn) I concur with these recommendations and that they should be removed from the body of the report and used only for the purpose of examples. This can best be achieved in a “text box” type of approach.





The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. As discussed in Section 3.4.13.2.5 of this report, comparisons among geographic regions could be accomplished by using hydrology climate, geology, and relief, (which varies vary regionally) and which form the basis of the concept of Hydrologic-Landscape Regions (i.e., HLRs) as a framework for the case studies. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. Each case study should have a conceptual model diagram showing the surface and subsurface flowpaths illustrating the connectivity between/among systems. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices. As further discussed in Sections 3.3.10 and 3.5.6 of this report, it would be useful to include case studies of a human- dominated system and a bottom landbottomland hardwood system in the Report.	Comment by Meyer: (Meyer) This would be a good place to include the request for more reference to arctic systems.
	Comment by Rains: (Rains)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) why are these mentioned in particular when others might also be useful? 





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in Report appendices.





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure	Comment by Murphy: (Murphy)  See general comments. Need to provide a conceptual model.


[bookmark: _Toc382414071][bookmark: _Toc385943126]	 and Function	





Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this Chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that the literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. The literature review generally does not need to be changed, although it could be strengthened with technical editing. However, thea conceptual frameworkmodel for ecological connectivity needs to be revised and clearly articulated at the beginning of the Chapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report (i.e., the breadth of the literature review) should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous  physical, hydrological, chemical, and biological flowpaths; (4) certain terms (e.g., unidirectional and bidirectional) used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity, such as the influence of human activities, should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 	Comment by Meyer: (Meyer)  Don’t need this first sentence, which is just a restatement of the charge question written in the lines above it.
	Comment by Duncan: (Patten) this implies that no new important citations are or will be suggested.   Is that so? 	Comment by Murphy: (Murphy)	Comment by Benda: (Benda) Here and in numerous other places in the SAB review document, the need for an improved conceptual framework expressed as continuous (4 dimensional) hydrological, chemical, and biological flowpaths is mentioned. It would be helpful to EPA if the SAB could provide additional guidance (illustrative) on what that conceptual framework might look like. In addition, here and in numerous other places in the SAB review document, the term “hydrological us used. I think that if “hydrological” is to be understood to be all encompassing, then here and at a few other strategic locations in the SAB review document, this should be clarified. 

	Comment by Murphy: (Murphy) We have stated that discontinuity needs to be addressed, too.	Comment by Kolm: (Kolm)	Comment by Meyer: (Meyer) provide an example of the “commonly used terminology” that we are requesting them to use.
	Comment by Meyer: (Meyer) I read this paragraph as a summary of our recommendations.  If that is the case, then (5) needs to be more complete.   It should be replaced with “5) additional layers of complexity (including a functional framework, spatial and temporal scales, the influence of human activities, the use of Hydrologic Landscape Regions, aggregate and cumulative effects, and map resolution) should be represented in the conceptual model in the Report.”  Otherwise, without that explicit list, it makes it sound as though we don’t care about those recommendations.






3.2.1.	Defining Connectivity	Comment by Josselyn: (Josselyn) See my recommendation included in the general comments on the draft report.





Because connectivity can be defined in many ways, the Report needs to define and concisely discuss what is meant by “connectivity” at the beginning of Chapter 3. Currently, connectivity is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity also should be extended to the entire landscape (i.e., not just to waters and wetlands but to entire watersheds and underlying aquifers) through a broader vision of local- to landscape-scale physical, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed later in the following sections of the Chapter.





Recommendations





· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report, and a discussion included on how the scientific literature was used to establish the degree to which such connectivity was determined to have an effect on downstream water quality.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale physical, chemical, and biological exchanges.





3.2.2.	Defining the Scope of the Report	Comment by Josselyn: (Josselyn) See my recommendation on this section in the general comments on the draft report.





The SAB finds that the scope of the Report, with respect to the types of wetlands and water bodies covered, needs to be clearly defined and discussed at the beginning of Chapter 3. As a synthesis of the scientific literature, the Report appropriately includes discussion of the relevant literature on hydrologic, climatic, and other processes that occur across landscapes to connect various water bodies and wetlands. The breadth of the literature discussed in the Report need not be constrained by regulatory definitions of waters and wetlands. However; however, the SAB notes that a primary use of the Report is to assess connectivity among waters and wetlands and downgradient waters. As currently written, the Report is not clear about the degree to which its definitions of water bodies and wetlands include broader portions of the landscape (e.g., whether wetlands or rivers include their floodplains). The Report uses the wetland definition of Cowardin et al. (1979) to describe wetlands, and many public commenters have expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:3]” to “one-parameter” waters and wetlands. These confusions and concerns could be explicitly addressed in a separate section outlining the scope of the Report immediately after the section defining connectivity. Waters and wetlands should be clearly identified as being the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. definition of a wetland was used[footnoteRef:4]. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.	Comment by Murphy: (Murphy) I am still not comfortable about using Cowardin et al 1979. The report is attempting to define what water bodies, wetlands or otherwise are included in the WUSA definition. Cowardin was developed to address other regulatory needs. The EPA report needs to develop its own definition.	Comment by Siobhan  F: (Fennessy) An excellent account of our discussion  [3:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.]  [4: 2 In response to questions from the SAB about the use of the “one parameter” wetland classification, EPA scientists explained that much of the scientific literature does not specify the method used to delineate the wetlands under study. Thus, EPA scientists used the broader ‘one parameter” definition of wetlands to more fully assess the entirety of the available scientific literature.] 






Recommendations





· The scope of the Report should be clearly delineated, with special attention paid to clearly defining what are considered waters and wetlands.	Comment by Sullivan: (Sullivan) And other water bodies?





· The Report should consider the functional role of floodplains and riparian areas irrespective of their classification as wetlands or other water bodies (see discussion in Section 3.5.2 of this report). The Report should clearly indicate that waters and wetlands covered in the Report are considered to be the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. As part of that discussion, the Report should explain why the Cowardin et al. (1979) definition of a wetland was used.





· The differences between the wetland and waters definitions used in the Clean Water Act regulations and those used in the Report should be clearly explained. The Report should document, based on the scientific literature, what differences this may have on determining the degree of connectivity between wetlands and waters with downstream water quality.	Comment by Josselyn: (Josselyn) new recommendation.





3.2.3.	Use of a Flowpath Framework	Comment by Murphy: (Murphy) This is a crucial section. The writing needs to be simplified and made more concise. Further, the SAB report needs to write this to provide clear concepts and resultant terminology that consistently inform the entire rest of the discussion. 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However, the Chapter lacks an explicit conceptual framework, which makes it difficult to categorize and organize this detailed information. Thus, the SAB recommends that a conceptual framework be established and discussed at the beginning of Chapter 3. This conceptual framework could be expressed as continuous physical, hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occur at varying rates primarily determined by climate, geology, and relief and areprimarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers, and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 	Comment by Duncan: (Patten) This may be the most critical recommendation of our report.  This framework either demonstrates the connectivity that is important or side steps the often critical but ignored connections. 	Comment by Benda: (Benda) See previous comment about the use of the term “hydrological.”	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) this statement  or the parenthetical part of it should follow  the statement earlier about "highlighting four dimensional nature...."





The flowpath framework could be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representation of physical, hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., physical= brown, hydrological=blue, chemical=red, and biological=green). The revised Figure 1-1would thus become Figure 3-1. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (e.g., .. For example, the Ogallala aquifer) underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina. Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as the typically tight nutrient spiraling that transitions to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.	Comment by Tank: (Tank) The description of the revision of Figure 1-1 (to be new Figure 3-1?) is somewhat long and a bit confusing. Perhaps it would be more effective if an example of new figure was inserted here? 	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) include  in examples deep  carbonate aquifer cross basin connections such as found in the Great Basin	Comment by Aldous: (Aldous)	Comment by Allan: (Allan) Is reference to the Ogallala aquifer relevant? I thought this was a deep aquifer with relatively little connection to surface water and shallow ground water. If that is so, we are extending our time horizon to very long geological time.	Comment by Allison Aldous: (Aldous)  This section needs specific citations





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and learning tools on groundwater connectivity, including examples of flowpath frameworks expressed in block diagrams (Heath 1983; 1984; Winter et al. 1998), including flows through floodplains.. Care should be taken not to imply that bedrock is impermeable, given that groundwater flows through bedrock are important flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al. 1996). 	Comment by Fennessy: (Fennessy)	Comment by Duncan: (Patten) see above comment. This is important because impacting GW in one basin can effect flows in another including flows of rivers. 





An important next step is to state how the revised conceptual framework is used in the Report. The SAB recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. The integration of the discrete classification and continuous framework could be achieved by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, groundwater, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). In all three block diagrams, bedrock groundwater systems and flowpaths should be included to illustrate subregional/regional connectivity.	Comment by Kolm: (Kolm)	Comment by Kolm: (Kolm)





Some editorial or technical corrections are needed in the Report to address various omissions, inconsistencies, and errors in the hydrology section, as well as other sections, of the Report. These and have been identified in the line-by-line preliminary written comments provided by SAB Panel members. Hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways through which water flows across the landscape: 	Comment by Aldous: (Aldous)





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, resulting in excess rainfall running overland despite a below-surface water table. This flow is also known as Hortonian overland flow because it was first described in the literature by (Horton (1945). 	Comment by Murphy: (Murphy) I’m not sure this distinction, which is difficult for non-hydrologists to understand, is important. Just call it Excess Overland Flow and cite the two papers.	Comment by Aldous: (Aldous)





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so that all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by (Dunne and Black1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. Interflow commonly occurs because above a low-permeability layer there are interconnected macropores that intercept and channel rainfall as would a subsurface pipe (e.g., Beven and Germann 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall reaches the water table and then flows laterally along with the general flow in the aquifer.





The Report should further discuss variable source explain how areas and how theycontributing runoff expand and contract, and therefore changechanging the way that landscapes connect through storms and seasons (Dunne and Black 1970). Variable source areas have particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which are highly variable in space and time. The incomplete discussion of variable source areas is a critical shortcoming of the current version of the Report because it is through variable source areaThe expansion that waters and wetlandsof runoff producing areas in non-riparian/non-floodplain settings can intermittently or ephemerally becomechange the headward extent of headwater streams (e.g., Dunne 1978; Rains et al. 2006; 2008; Vanderkwaak and Loague 2001)). In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendationvariability suggests that connectivity be discussed as a continuous phenomenon.within a continuum of runoff producing mechanisms. As previously noted, the EPA has chosen to discuss landscape settings discretely and has organized the Report in sections, focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscapes are considered to be discrete, it is important to clearly state that; however, the lines delineating these landscape categories are conceptual and/or fluid, i.e., that there areis no fixed bright lines betweenscientific consensus on separating the categories.	Comment by Murphy: (Murphy)	Comment by Harvey: (Harvey) Additional references.	Comment by Meyer: (Meyer) Noting that connectivity should be discussed as a “continuous phenomenon” is different than saying that there is a gradient of connectivity.
	Comment by Murphy: (Murphy)





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA also consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM 1996). This document was developed with funding from the EPA and it provides an effective way to characterize groundwater systems in diverse hydrogeological settings; (e.g., Kolm et al. 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Understanding groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), is especially important. These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). 	Comment by Allan: (Allan) This goes deep into topics of hydrology that I am not familiar with and don’t recall receiving much discussion, so I wonder whether a foray into this literature and various aquifer systems really strengthens this report. I think groundwater connectivity definitely has a place in the SAB review and only question how far we should recommend it should go in that direction.	Comment by Murphy: (Murphy) This comes out of nowhere. We need to state how - - specifically - - the EPA report fails to account for ground water connectivity. Remember, we are not concerned with the impairments of ground water from surface water. It’s the other way around. 	Comment by Aldous: (Aldous)	Comment by Duncan: (Patten) do we make sure this thought is applied when we discuss the discrete landscapes?  Why have we cited these aquifer systems? Are they good examples when there as some that may be as extensive but not as well known (e.g., flow systems in the Great Basin... carbonate systems)  The examples used here are certainly not unique. 





The SAB also recommends that the EPA include in the Report additional evidence of biological connectivity. Organismal movement is important for ecosystem function as well as for population dynamics.. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are often dispersed throughout watersheds and organisms move in all directions among thethese habitats often throughout their life cycles (e.g., Schlosser and Angermeier 1995; Falke et al. and Fausch 2010). Some species maintain populations in downgradient waters but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. There are also significant connections from terrestrial to aquatic ecosystems, particularly among macroinvertibrates. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish restricted to freshwater and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, populations decline and species can become threatened or endangered (or otherwise imperiled), or are extirpated entirely., thus Therefore, connectivity is a key to the biological integrity of downgradient waters. Ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.	Comment by Fausch: (Fausch)	Comment by Allison Aldous: (Aldous) This section needs to propose citable literature	Comment by Murphy: (Murphy)





Recommendations	Comment by Tank: (Tank) After finishing the bullets for Section 3.2.3, I felt they did not to match the prior text as closely as one might like.	Comment by Benda: (Benda) The issue of characterizing the strength of connectivity by illustrating it (in words, examples and better yet by diagrams or sketches) for each EPA connectivity component (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could be included in this section.






· The conceptual framework in the Report should be fully described at the beginning of Chapter 3. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





· The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of physical, hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 	Comment by Kolm: (Kolm)





· The discrete-landscape classification system should be mapped onto the revised conceptual framework in the Report, with explicit acknowledgment that the classification system serves only as a communication tool. For example, rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.	Comment by Kolm: (Kolm)	Comment by Duncan: (Patten) important point





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.	Comment by Murphy: (Murphy) This is the kind of ground water connectivity EPA needs to clarify.





· Biological connectivity should be better defined in the Report and, described in the context of connectivity between waters and wetlands and downgradient waters.  and shown to be critical to the biological integrity of these connected waters.





· In presenting this conceptual framework, the Report should also discuss the temporal and spatial significance of the various pathways to downstream water quality.	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





 


3.2.4.	Revising and Defining the Terminology Used in the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, groundwater, and waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: (1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes; or (2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems. Indeed, in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms would employ a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire Report. 	Comment by Kolm: (Kolm)
	Comment by Duncan: (Patten) this seems to imply that four dimensional is a biological characteristic ... it is fundamentally a hydrological characteristic on which other phenomenon are connected. At least that is my take on it....	Comment by Allan: (Allan ) See my comments in the general comments on the report. If non-floodplain wetlands is to become the preferred term, I would like to see this section of the SAB report expanded to explain the reasoning





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the Report to mean “wetlands surrounded by uplands.” which the SAB notes could be connected to downstream waters through subsurface connections. These are very different definitions. The SAB acknowledges that the term “geographically isolated wetlands” has been established in the literature, and is commonly used (e.g., Tiner 2003b; 2003c). However, in the flowpath framework recommended by the SAB, there are no truly isolated waters or wetlands. Furthermore, as discussed in other sections of this SAB report, all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term “geographically isolated wetlands” runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report because the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.	Comment by Harvey: (Harvey)	Comment by Fausch: (Fausch) This sentence is an excellent synthesis of the main point of the entire report, and the relevance of the scientific information to the Clean Water Act itself.	Comment by Allan: (Allan) I believe we did not reach consensus on this sentence. Perhaps this is the place to insert a sentence to the effect that the strength of connectivity will vary and can only be assessed on a case-by-case basis.	Comment by Johnson: (Johnson) Duration and extent.	Comment by Duncan: (Patten) or necessarily, hydrological isolation as many "isolated wetlands" have a connection to groundwater flows which eventually connect to larger water bodies.  Also, there is a whole literature on isolated wetlands so why should they drop the term as it is widely used. 





EPA needs to consider defining and adding the term ‘interrupted stream ‘to its discussion of stream categories (Meinzer, 1923; Levick, 2008). Interrupted streams are those that change from ephemeral, intermittent or perennial streams for ecologically distinct reaches. Such streams are common when geological conditions (i.e. change in substrate, faulting, etc.) create rapid changes in aquifer-to-stream recharge/discharge (for example, the San Pedro River in the example or many streams in volcanic terrains (Snake River Plain, Columbia Basin, Hawaiian Islands). Human interaction (ground water pumping, wastewater discharge, etc.) and also create interrupted streams (Rio Grande, Santa Ana River, South Platte River). Connectivity across such interrupting reaches can radically shift, with concomitant alteration in habitat or downstream impact. Although EPA may want to call such streams ‘connected,’ there may be no clear stream bank and bed preserved across the reach and it may be difficult to quantify the ecological importance of the connection.	Comment by Murphy: (Murphy) additional text





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.	Comment by Allan: (Allan) This troubles me given that nowher4e to this point has the SAB review indicated what time scale it is considering (and later in the SAB Review the timeline is extended to thousands of years).	Comment by Benda: (Benda) Although true as a general conceptual principle, I think it needs to be qualified somewhere in the EPA Draft Report that in practical (policy) terms (human time frames, land use pressures, limits of understanding, strength of connection), not everything is connected to everything else (as mentioned by more than one of the public commenters, e.g., “everything is connected to everything else” is not useful, including in the context of recent Supreme Court decisions). It is the responsibility of regulatory agencies, using various measures of strength of connectivity, to determine, out of this general scientific principle, what types of connections need to be protected to maintain healthy aquatic ecosystems.	Comment by Duncan: (Patten) this idea is bothersome. Should we "define" what we mean... for example, the amount of time that a groundwater flow moves across a basin to connect with rivers????





· The term ‘interrupted stream’ should be defined and used in the discussion of streams where flow is impeded or reduced on the reach scale.	Comment by Murphy: (Murphy)





3.2.5.	Layers of Complexity in the Conceptual Framework	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report,





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some hydrological, chemical, and biological functions are enhancedenhanced by connectivity connectivityand while others are enhanced by relative isolation. This is an important point, one that is implicitly made throughout the report and explicitly made in the section on unidirectional wetlands. Including Including a functions layer in the conceptual framework will help clarify the later discussion of functions that are enhanced by connectivity or relative isolation. 	Comment by Duncan: (Patten) is this repetitive? If so, maybe good....	Comment by Fausch: (Fausch)	Comment by Johnson: (Johnson)	Comment by Duncan: (Patten) do we imply here that some waters are truly isolated?   Or is this covered by "relative isolation"?	Comment by Aldous: (Aldous)





Spatial and Temporal Scales	Comment by Meyer: (Meyer) The section on spatial and temporal scales that begins here is excellent.  Yet I did not see the clear recommendation coming from this in the executive summary.
	Comment by Allan: (Allan) Might be an opportunity to clarify some important timeframes of freshwater connectivity, such as 100-year floods (while acknowledging that events on even longer time frames, such as debris movements, can be important). I am uncomfortable with an open-ended temporal scale that might appear to embrace very long time scales.





Spatial and temporal scales are critical aspects of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Low-frequency events that affect the chemical, physical, and biological integrity of downgradient waters can be particularly important if the effects are long- lived or cumulative. Long -lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though such debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure (including connectivity) and function of downgradient waters over the scale of decades. Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki 2007). 





The SAB recommends that the Report compare and contrast the humid eEast and the arid sSouthwest and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitudeare most impacted by frequently recurrent rainfall events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitudeare primarily shaped by lower frequency rainfall events. The latter are nono less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration magnitude of the connection. One way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands. This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity. 	Comment by Fausch: (Fausch)	Comment by Fausch: (Fausch) I do not fully understand the point of this sentence.	Comment by Murphy: (Murphy) See my general comments about the model developed in CQ 5a&b





Human Altered Systems	Comment by Allan: (Allan) I think we should discuss what we wish to achieve by acknowledging human alterations, particularly because of our examples. Consider the sentence:  “Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities.”  Isn’t this for the regulatory process to address? And aren’t we giving the impression here that perhaps ditches and dams, if they influence connectivity, should be addressed by the CWA?  In short, what is the purpose of this section, and does it stray into identifying human actions that should be regulated?





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 	Comment by Duncan: (Patten) important point	Comment by Duncan: (Patten) should give a groundwater example here.... all these are surface examples... groundwater withdrawal can decrease connectivity, for example.   Since we emphasize groundwater connections in the framework, we should give GW examples. 	Comment by Siobhan  F: (Fennessy) Add a final sentence that we recommend the Report incorporate the effects of human alterations on connectivity (to ensure we are clear)






Flow and Transport Forcings and Regionalization	Comment by Sullivan: (Sullivan) I find this subtitle to be a bit awkward





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for states such as Hawaii and Alaska.regions of highly unique ecohydrology. This problem has been identified by a number of public commenters. For example, Alaskan streams and wetlands reflect a climate and solar aspect that is not represented elsewhere and Hawaii is also unlike other part of the US. The arid Southwest experiences a unique combination of climate and geology that conspire to create highly discontinuous flow regimes and riparian ecosystems (RWRD 2008)      The EPA therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004).) or a similar system. This would not represent a large departure from the approach used in the Report because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using HLRs to consider flow and transport functions would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLRs also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by explicitly recommending that readers use the HLRs to better understand the relevance of the findings in the document to their respective regions.	Comment by Murphy: (Murphy) This sounds like ‘selling.’





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligibleat sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 may make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Duncan: (Patten) surface and groundwater	Comment by Sullivan: (Sullivan) I find sufficient spatial scale to be unclear.	Comment by Johnson: (Johnson) Link this to “integrity” which is an EPA concern.






Cumulative effects could be defined as an emergent property of all headwater streams in the watershed (i.e., a river network statistical attribute). A measurable effect on the integrity of downgradient waters may not be detected if only a small number of headwater streams within a watershed were impacted, whereas there could be substantial and possibly cascading effects on downgradient waters were a larger number of headwater streams impacted. Moreover, the extent of downgradient effects reflects a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, in a watershed with a 200-year recurrence interval of debris flows on headwater streams, the probability of a debris flow on any given headwater stream in a given year is 0.5% - likely a negligible effect on fish habitat in downgradient waters. However, at the watershed scale, there are hundreds of headwater streams, which means that the annual probability of a debris flow in the “population” of headwater streams is much higher and more likely to substantially affect downgradient fish habitats. Many sStudies have been published on these kinds of cumulative effects, such as the aggregate effects of individually occurring debris flows in headwater streams controlling the long tem sediment flux and storage in higher order channels (Benda and Dunne 1997ab) and the cumulative effects of wetlands on watershed hydrology (e.g., Johnston et al. 1990). Therefore, any evaluation of changes to individual waters and wetlands must consider the context of past and planned future (e.g., as a consequence of climate change) alterations of other waters and wetlands in the watershed.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Johnson: (Johnson)	Comment by Siobhan  F: (Fennessy) Is this the word we want?  Perhaps ‘reflects the combination’ or ‘the aggregation’?	Comment by Johnson: (Johnson)





Map Scale





The important issue of map resolution is mentioned in several parts of the Report but it needs to be more clearly and thoroughly presented in a separate section, or perhaps in a figure comparing the results of using different technologies. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 	Comment by Duncan: (Patten) why does mapping resolution only apply to streams?  Why not also wetlands and other water related entities? 





It is critical that readers of the Report understand that many databases fail to include small streams and thus do not represent the full extent and magnitude of the river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM.  (USGS 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) physical, chemical, and biological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances inin the  technology used for the analysis.	Comment by Johnson: (Johnson)





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al. 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.


· The Report could more explicitly mention of the issue of evaluating, measuring and predicting the strength of connectivity and thus the significance of connectivity effects could be included. Each component of the EPA’s Draft Report (tributaries, floodplains/riparian areas/channel migration zones, floodplain wetlands and non floodplain wetlands) could include discussion covering the issue of strength of connectivity, ideally utilizing a real life example, model simulation or at minimum a conceptualization. 	Comment by Benda: (Benda) additional item.





3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the agency EPA is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc99930883][bookmark: _Toc260313045]


[bookmark: _Toc382414072][bookmark: _Toc385943127]3.3.	Review of the Literature on Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) I like the organization of this section.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellentextensive review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are can be essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB provides a number of recommendations to improve the literature review in Chapter 4 of the Report. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. As discussed in Section 3.5 of this SAB report, the SAB also recommends that the review of the non-floodplain riparian literature be moved into the Ephemeral, Intermittent, and Perennial Streams section of the EPA Report.	Comment by Sullivan: (Sullivan)





3.3.1.	Expanding the Review of Hydrologic Exchange Flows between Main Channels and Off Channel Areas





The SAB recommends that the literature review in Chapter 4 of the Report be expanded to include the description of exchanges between main channels and relatively slow movingoff-channel surface and shallow subsurface waters located at channel margins (e.g., pools, recirculating eddies, subsurface hyporheic flow pats) and in upstream or off-channel areas that may become connected during wet periods (e.g., variable source areas or off-channel sloughs or riparian areas).  and surface waters located at channel margins (in pools and in recirculating eddies).. The review should include a more complete discussion of the soil-water processes involved and give more attention to spatial and temporal variability that could affect connectivity of streams.. The revised text should also include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond solely discussing nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. A discussion of the geomorphological control of soil moisture and patch diversity impacts riparian plant communities (Stromberg 2001). The review should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The following references (and others that are similar) should be considered for inclusion in a broader discussion of hyporheic processes: Stromberg 2001, Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 	Comment by Murphy: (Murphy) Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.2.	Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants, and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., nitrogen and phosphorus), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Findlay (1995); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., nitrogen, phosphorus), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes and the effect of these processes on downstream water quality, if known.. 	Comment by Meyer: (Meyer) This bullet says the Report already includes a great deal on nutrients, but then the second half of the bullet says add more about nutrients.  Seems contradictory.






· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes and the effect of these processes on downstream water quality, if known.





3.3.3.	Expanding the Discussion of Factors that Influence Stream Temperature	Comment by Johnson:  (Johnson) Need to be careful to establish the link between connectivity and stream temperature first, then expand on how changes in connectivity can affect stream temp





Stream temperature is an important component of ecosystem integrity because it controls many fundamental ecosystem properties and processes. The SAB finds that the discussion of the role of uUpslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow and can affect stream temperature an the SAB recommends that discussion of this topic should be expanded. The Report should more explicitly describe the effects of hyporheic flow and storage and resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the Report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence influence connectivity, and thus, stream temperature dynamics. The SAB further recommends that the Report directly address the influence of stream temperature on downstream connectivity. .	Comment by Johnson: (Johnson)	Comment by Mark Rains: (Rains) By the time the EPA gets to these reviews, the following paper that explicitly addresses this issue should be published. I’d be happy to provide an advance pre-print for the EPA to review.

Reference: Callahan, M.K., M.C. Rains, J.C. Bellino,
C.M. Walker, S.J. Baird, D.F. Whigham, and R.S. King. Accepted Pending Minor Revision, Revised, Resubmitted. Controls on Temperature in Salmonid-Bearing Headwater Streams in Two Common Hydrogeologic Settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.	Comment by Johnson: (Johnson) Should this be the opposite?  Influence of downstream connectivity on stream temperature?	Comment by Siobhan  F: (Fennessy) Could we give an example here to demonstrate our point, for instance temperature effects on the movement of biota?





The following references (and others that are similar) should be considered for inclusion in the discussion of factors that influence stream temperature: Arrigoni et al. (2008); Hester et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network topology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.	Comment by Johnson: (Johnson) See above





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.4.	Clarifying the Temporal Dynamics of Flow-Related Aspects of Connectivity   	Comment by Murphy: (Murphy) This is a good place to comment on the absence of a discussion of effluent-dependent or dominated waters (EDW). These are a designated use for many Western states and have different ecological functionality than ephemeral or perennial streams (RWRD 2002, Walker et al 2005, Brooks et al 2006). This fact defines a variable ecological connectivity on multiple spatial and temporal scales.	Comment by Murphy: (Murphy) RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.

Brooks, B. W., Riley, T. M., & Taylor, R. D. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and management considerations. Hydrobiologia, 556(1), 365-379.

Walker, D. B., Goforth, C., & Rector, S. (2005). An Exploration of Nutrient and Community Variables in Effluent Dependent Streams in Arizona (pp. 05-09). Arizona Department of Environmental Quality.





The Report does not contain a succinct yet comprehensive paragraph that covers the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The SAB finds that Chapter 4 would benefit from a separate section on this topic. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 	Comment by Allan: (Allan) This section on temporal dynamics provides an opportunity to clarify timescales 9years, decades, centuries).	Comment by Benda: (Benda) We could include in this paragraph a discussion of the stochastic nature of erosion and sediment flux (and wood debris flux) as a relevant example of the role of temporal dynamics and how it can be handled conceptually and via numerical models (circling back to “Aggregate or Cumulative Effects” of 3.2.5).
	Comment by Fausch: (Fausch) I wonder if this section could be organized better? It jumps from dynamics of streamflow to ecological consequences and then back to short-term highly-episodic flow connections. Likewise, the next paragraph seems a bit disjointed.	Comment by Duncan: (Patten) emphasis is not clear





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should discuss how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 	Comment by Duncan: (Patten) importance of "floods"??  High flows, flash floods?  Drought is climatic...do you mean longer duration dry streams? 	Comment by Duncan: (Patten) withdrawal and augmentation are not necessarily temporal but can be continuous... these topics should be discussed in "framework" as well. 	Comment by Duncan: (Patten) this is the "bottom line" on this topic... what do we mean by "tightening"?





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections: Boano et al. (2013); Brooks et al. (2006); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012); RWRD (2002); and Walker et al. (2005). 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with these recommendations.





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation. and effluent-dependent or dominated stream flow.





· The additional references identified above (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.5.	Strengthening the Review of Biological Connectivity  	Comment by Murphy: (Murphy) A caution is needed here that we are only concerned with flow to and impact on WUSA not on contributions of WUSA to upland communities, except where there is feedback to the stream..





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 	Comment by Siobhan  F: (Fennessy) Some wetlands are best classified as lentic, we may want to rephrase this to make sure both types of systems are covered	Comment by Duncan: (Patten) this is a shift in text formatting... but OK





·    Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


·    Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


·    These mobile species range acrossinclude many different taxa, even within fish, and include encompass many more than those identified in the Report, which focuses largely on salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.	Comment by Fausch: (Fausch)


·    Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. , or the connections are lost (e.g., owing to constructed barriers). Thus, connectivity to these habitats is a key to the biological integrity of downstream waters. Dam and dam-removal literature may be helpful to illustrate this point.	Comment by Fausch: (Fausch)


·    Ignoring these critical habitat connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The Report should more thoroughly document evidence that biota move throughout the lotic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity of downstream waters, as detailed in the points above.	Comment by Allison Aldous: (Aldous) This section needs specific citations


 


3.3.6.	Review of the Human-Modified Headwater Stream Literature 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.	Comment by Murphy: (Murphy) Another spot for noting the unusual flow properties and chemistry of effluent dependent waters.





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by land use change and human activity that often disrupts connectivity; the effects of such disruptions illustrate the importance of headwaters to downstream areas in various landscapes.  The downstream impacts of increased imperviousness are well studied (e.g., Nagy et al. 2011). The SAB recommends that connectivity be discussed within the context of the following human alterations: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low head dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions that can affect downstream waters. A succinct discussion of the downstream consequences of stream restoration would also strengthen the Report. 	Comment by Allan: (Allan) The SAB review suggests a review of all the ways that human activities alter connectivity, which is a large task.  Perhaps a table could be developed that listed main categories of alterations to connectivity. A useful citation is Blann, K. L., J. Anderson, G. Sands, and B. Vondracek. 2009. Effects of agricultural drainage on aquatic ecosystems: a review. Critical Reviews in Environmental Science and Technology 39(11):909-1001.	Comment by Benda: (Benda) I would add to the list of human influences “accelerated erosion, sediment transport and storage”.
	Comment by Kalin: (Kalin)	Comment by Sullivan: (Sullivan) 	Comment by Siobhan  F: (Fennessy) This is a comprehensive list, that is also fairly long list in terms of material added to the report.  Perhaps we could suggest a table that would summarize the primary impacts of these human alterations on connectivity. 	Comment by Johnson: (Johnson) Might be helpful to provide an example.





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Booth (1990); Bull and Scott (1974); Chin and Gregory (2001); Doyle et al. (2000); Graf (2006); Gregory (2006); Faulkner (2004); Horner et al (2001); Lautz et al. (2008); and O’Connor et al. (2010); Paul and Meyer (2001); Schumm et al (1994); Williams and Wolman (1984); and Wohl (2005)..





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effectseffect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, lowhead dams, grade control structures, stream restoration, and effluent dominated streams.	Comment by Tank: (Tank) This bullet on effects of human alterations to headwater streams should be clarified to focus on the effects of human alterations on “connectivity of headwater streams”, with the goal being to keep the Report focused on the question of connectivity. 	Comment by Mark Rains: (Rains) Water quantity, too, right?	Comment by Duncan: (Patten) water quantity and quality, 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams. 





3.3.7.	Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects 	Comment by Josselyn: (Josselyn) I think that it is important for the SAB Report to document the limitations of the SPARROW model and to recommend that, based on the availability of scientific information beyond that already reported, that this section be expanded. The references cited are primarily related to nitrogen dynamics. It may be necessary for the Panel members to provide additional documentation of references to the EPA beyond that supplied.


On Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 	Comment by Ali: (Ali) The subgroup working on streams recommends that a separate section be added to chapter 4 of the EPA report to address aggregate and cumulative effects. Other subgroups have also recommended further discussion but not necessarily in separate Report sections. For consistency purposes I would suggest that all subgroups align themselves with the streams subgroup and recommend that all chapters of the EPA report include stand alone sections to discuss aggregation.	Comment by Duncan: (Patten) recommended in framework...should that be referenced here?





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. (2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.	Comment by Duncan: (Patten) also in framework.... see above.





· The findings of the modeling and empirical studies on the cumulative effects of land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity. 





3.3.8.	Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems	Comment by Murphy: (Murphy) I think this just another part of Section 3.3.5 	Comment by Allan: (Allan) This section sounds like it is intended to describe the benefits of an intact riparian zone. I wonder if that is off-topic. If so, the subsequent section on subsidies and interchanges may be of topic as well.





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf litter inputs of leaf litterinputs  and terrestrial insects to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others). These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.	Comment by Fausch: (Fausch)	Comment by Sullivan: (Sullivan) This recommendation should be consistent with the recommendation presented in the following section of the Panel’s Report (3.5) related to moving the non-floodplain riparian literature to this section.	Comment by Duncan: (Patten) does this need to be tied to "connectivity" in some way other than just function of riparian veg?





Recommendation	Comment by Josselyn: (Josselyn) I disagree with this recommendation as it is not germane to the issue of wetland connectivity, but rather a function of non-wetland riparian forests input. Upland forests also contribute leaf litter, woody debris, and other organic inputs. However, the Report’s focus is not on ecosystem function, but on connectivity of wetlands and streams to downstream waters and therefore the inclusion of non-wetland inputs would considerably expand the EPA’s efforts and would not be relevant to the purpose of the Report.


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.9	Food-web Connections from Riparian Zones to Streams that Support Aquatic 	Comment by Murphy: (Murphy) Same as 3.3.8 combine with 3.3.5, or at least 3.3.8.


	Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however. However, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:	Comment by Duncan: (Patten) justify this statement relative to connectivity???? are food web connections critical as connectivity between any component of a riparian zone and an adjacent river????  The points given are somewhat circular argument.	Comment by Siobhan  F: (Fennessy) Word choice?  Perhaps they cross boundaries?





·    Streams receive organic matter in the form of leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals. Terrestrial carbon is also an essential component of the microbial food web. .	Comment by Siobhan  F: (Fennessy) There is information on this topic in Chapter 5 of the Report, and there the SAB recommends that the text specific to riparian zones be move to chapter 4 (i.e., here).  We should mirror the text, for instance on page 33, lined 20-25, in this section. At minimum, the Report text that we propose be moved will serve as a starting point for this suggestion, and our recommendations will be consistent.  


·    Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


·    Linkages These linkages between riparian zones and streams are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of organisms that rely on food web connections from streams to riparian zones. 	Comment by Fausch: (Fausch)


·    Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 	Comment by Josselyn: (Josselyn) I disagree with this recommendation for similar reasons as stated above.





· The SAB recommends adding a new section (with additional references such as Baxter et al. 2005 and Wipfli and Baxter 2010) to the Report to thoroughly document the importance of bidirectional, reciprocal food-web connections from between riparian zones to  and streams; the new section should discuss the points itemized above.	Comment by Allison Aldous: (Aldous) This section needs specific citations	Comment by Fausch: (Fausch)


 


3.3.10.	Clarifying How Case Studies Were Selected  	Comment by Josselyn: (Josselyn) I believe that this was covered in a previous section of the draft report.	Comment by Kalin: (Kalin) The Baltimore and Central Arizona LTERs would have been good examples for human dominated systems.





As previously discussed, the SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human-dominated systems should be added to the Report in order to include information about the effect of human-dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded. Other examples include the Baltimore and Central Arizona Long Term Ecological Research Projects (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014).  The SAB notes that the San Pedro River example is never mentioned or interpreted in the rest of the EPA report.	Comment by Kalin: (Kalin)	Comment by Murphy: (Murphy)





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study. The Baltimore and Central Arizona Long Term Ecological Research Projects are good examples (Cary Institute of Ecosystem Studies 2014; Long Term Ecological Research Network 2014). 	Comment by Duncan: (Patten) how many systems are NOT human modified... are we asking for the obvious? and why is the Rio Grande such a good or distinct example? 





3.3.11.	Clarifying the Report Findings Concerning the Strength or Degree of Downstream	Comment by Murphy: (Murphy) Again, this falls back and should connect tightly to the conceptual model and the frequency, duration, and magnitude discussions elsewhere.


Connectivity 





The SAB recommends that the Report text be revised to address the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. In particular, the SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity of intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition, as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry chemical and biology biological integrity of downstream waters. 	Comment by Duncan: (Patten) use both any place that ephemeral is mentioned	Comment by Duncan: (Patten) and intermittent streams	Comment by Fausch: (Fausch)





On the other hand, in the arid Southwest, high evaporative losses and coarse, permeable stream beds can result in ephemeral streams that experience enormous transmission losses (Graf 1988, Osterkamp et al. 1994, Goodrich et al. 2004). This fact combined with the spatial distribution of rainfall, soil texture and vegetation creates conditions where runoff in headwaters streams might not persist throughout the watershed to bottomland waters (Hernandez et al. 2000, Stratton et al. 2009).  	Comment by Murphy: (Murphy)





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).	Comment by Allan: (Allan) Strength of downsteam connectivity needs to be addressed for biology as well as hydrology. Mark Wipfli’s papers will be helpful.





Recommendations	Comment by Duncan: (Patten) the above discussion emphasizes ephemeral and intermittent ...so should recommendations mention them.





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 and in other sections of the Report (e.g. for subsections on temperature, chemical, and biological connections). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 





3.3.12.	Role of Groundwater and Sediment	Comment by Kolm: (Kolm) Recommend including a new section.





The physical, chemical, and biological effects and quantification of groundwater flow,  as related to surface water connectivity, need to be included in the discussions, and should be included (referenced) and supported by an expanded Conceptual Model Chapter.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this document.  There are 3 types of sediment described, characterized, and quantified in the geologic and hydrology literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended to establish connectivity in these surface water systems.	Comment by Kolm: (Kolm)





[bookmark: _Toc382414073][bookmark: _Toc385943128]3.4.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams		Comment by Murphy: (Murphy) This is actually one of the clearer of the sections but there is a lot of duplication of discussion in the CQ 3,4,5 b sections, making for tedious reading and confusion. There should be more back referencing in the ‘b’ sections of the SAB report to the appropriate ‘a’sections. I would prefer that a and b just be merged for each CQ unless that is not permitted by EPA.





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in Section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings., in some specific cases; however, it does not demonstrate that absolute connectivity exists in ‘all’ tributary streams. Rather, the literature indicates that a spectrum of ecological connectivity exists in all streams that are a function of the frequency, magnitude and duration of physical, chemical and biological processes. The SAB strongly supports the current emphasis in this Section on the importance of considering cumulative impacts and recommends minor but nevertheless important changes in the conclusions and findings in Section 1.4.1. 	Comment by Murphy: (Murphy) Accepting this conclusion without qualification is not consistent with the rest of the SAB Report or the deliberation last December.	Comment by Murphy: (Murphy)





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved through the use of bullets that would highlight the main findings. This would underscore the key functions summarized in Table 4.1 which outline the five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six if connectivity is included) should be reiterated succinctly[footnoteRef:5] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7); and Section 6.1, “Major Conclusions” (p. 6-1). At present, these summaries vary in content, length, presentation style, and number of literature citations and, most importantly, these inconsistencies obscure the Report’s conclusions. 	Comment by Duncan: (Patten) would use of hydrological connections here more emphasize what most readers consider the main connections? 	Comment by Johnson: (Johnson) writing and  [5:  The summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





· Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added to Table 4.1 using biological connections as an example. 	Comment by Duncan: (Patten) why biological ...see above comment	Comment by Siobhan  F: (Fennessy) Do we consider connectivity a function?  Or the condition that allows the 5 key functions in Table 4.1.  





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.4.1.	Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the specific issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that the statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible (For example: “of X studies, X% support the conclusion of connectivity.”) 	Comment by Ali: (Ali) A similar recommendation should be made by the “unidirectional wetlands” subgroup for Section 5.4 of the EPA Report.





The SAB also recommends that the text of the Report be revised to provide better definition of boundaries (e.g., transitions between uplands and headwaters) and acknowledge where boundaries are difficult to define. The report should also better define and emphasize key linkages and exchanges that influence connectivity (e.g., groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in the conclusions. Conversely, the lack of connectivity during drought is poorly discussed.  Although drought is a natural disturbance, its effects can be exacerbated by human activities (i.e., water extraction; wetland drainage) with possible profound impacts on connectivity.  In addition, the SAB recommends that text be added to the Report to explain how  hydrologic connectivity where surface water sustains aquifers. in some environments, and aquifers sustain streams in other environments. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. The perennial streams in the Colorado Plateau and the Rocky Mountain and High Plains systems are examples of aquifers sustaining streams. Floodplains locally and regionally may function in one or both directions; particularly with spring runoff/flooding (groundwater recharge and water table rise) versus fall baseflow (groundwater discharge and water table lowering).	Comment by Johnson: (Johnson) 	Comment by Kolm: (Kolm)





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: (1) by adding text that describes spatial and temporal variation in linkages of ephemeral streams with downstream waters; (2) by summarizing existing evidence of the frequency/duration of these connections; and (3) by identifying where further research is needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) that commonly are connected to habitats associated with downstream rivers. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate as it related to denitrification. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling because both assimilatory and dissimilatory processes are important. Currently, the text focuses on the role of denitrification processes in removing nitrate-N from streams.





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages as it would better communicate: the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams versus adjacent wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur and their sizes, intensities, and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions, e.g., similar to Intergovernmental Program on Climate Change report (IPCC 2007) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn for an individual site at a local scale could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to discern the intended illustrative points of the Report’s case studies within the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations influence connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, for this case, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 	Comment by Sullivan: (Sullivan) Highlighting the key point of each case study would make them more impactful. I suggest emphasizing this point in the Panel’s report.	Comment by Duncan: (Patten) NOT clear what the point(s) are.





The SAB also recommends that the EPA develop an alternative case study framework that uses hydrology as a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather climate and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and climateweather-dependent conclusions from the broader more general conclusions. The SAB finds that conclusions for the case studies could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 	Comment by Kalin: (Kalin) I am not sure I understand what is recommended here.	Comment by Aldous: (Aldous) 





 Consistent Statement of Conclusions throughout the Text


 


The SAB also notes that it is essential that descriptions of functions and linkages in the Report be consistently and succinctly stated in Section 4.6 “Streams: Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations	Comment by Johnson: (Johnson) this is a long list of recommendations; are they grouped appropriately?






· Statements in the Report that support conclusions about the connectivity of streams should be stated in quantitative terms wherever possible. 





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.	Comment by Lucinda Johnson: Reorder this so that items that represent the entire document or section are listed prominently at the top.





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters, and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 	Comment by Josselyn: (Josselyn) This recommendation should include a statement that “The Report should analyze the scientific literature and discuss the differences in connectivity within the floodplain under various flood regimes, from 1 to 100 year floods. There may be significant differences in the degree of connectivity that should be evaluated”.





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.	Comment by Josselyn: (Josselyn) This recommendation should be clarified because aquifer replenishment is a broad category and may not be relevant to downstream water quality. I suggest that it should only be discussed in terms of aquifers that address downstream water quality, not deep basins.	Comment by Duncan: (Patten) two way connection, not just sustaining aquifer... aquifer sustains baseflows





· The conclusions concerning ephemeral streams should be strengthened by: (1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters; (2) summarizing existing evidence of the frequency of these connections; (3) identifying where further research needed; and (4) clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 	Comment by Duncan: (Patten) move among and with their habitats associated with downstream waters





· The summary of chemical functions that has been included in the Report should include details about the ways that headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The EPA should consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities, and effects.





· The intended use of the case studies should be clarified in the Report. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-climate-dependent conclusions from broader general conclusions.	Comment by Aldous: (Aldous) 





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.





[bookmark: _Toc382414074][bookmark: _Toc385943129]3.5.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature synthesis on waters and wetlands in riparian/floodplain settings has been correctly well summarized and characterized in the Report. The literature review substantiates the conclusion that, in an overwhelming number of cases, floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the physical, hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and reorganization of the information presented (and in some cases review of more recent and diverse literature) are needed in the Report to address the significance of bidirectional multi-dimensional connectivity. 	Comment by Sullivan: (Sullivan) I am not sure this is fully accurate as the Panel found that the actual literature on floodplains was pretty sparse, with a focus on non-floodplain riparian areas.	Comment by Fennessy: (Fennessy)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Kolm: (Kolm)	Comment by Murphy: (Murphy)





3.5.1.	Structure of Section 5.3 of the Report 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 	Comment by Johnson: (Johnson) Make this an overarching recommendation across all sections





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. In particular, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4. Chapter 4 already includes discussions of the role of riparian forests in regulating water temperature and providing inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Consolidating all of the literature review on riparian areas into Chapter 4 would help organize and clarify the text for the reader. This change would free Section 5.3 toemphasizeto give more emphasis to higher order structure and function related to the lateral dimensions of river systems and less emphasis to lower order riparian interactions. 	Comment by Tank: (Tank) This paragraph suggests that the section on the role of the riparian zone in fueling stream ecosystem processes be moved to Chapter 4. The omission of this topic was also mentioned in the section of the SAB Review of Charge Question 3(a), thus these sections should be cross referenced in the SAB Review so that EPA’s reorganization is straightforward (reflecting a relocation rather than an omission).	Comment by Fennessy: (Fennessy)





As written, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). Some references are provided in Section 3.5.8 of this report.





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, and invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.5.2.	Terminology in Section 5.3 of the Report 





As previously discussed, the terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, itremoved. It is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” Unidirectional wetlands, as defined in the EPA Report are discussed in Sections 3.7 and 3.8 of this SAB report but would obviously not be part of a stream or its tributaries. This change in terminology is needed to acknowledge the two-waymulti-dimensional flux of water and materials between floodplains and riparian areas and adjacentco-located rivers and streams. Consistent use of this term is important for clarity, as the inconsistent uses of “riparian/floodplain wetlands,” “riparian areas,” or “floodplains” in some sections of Chapter 5 is confusing to readers. Likewise, the. The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater,” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.be revised consistent with this definition. 	Comment by Murphy: (Murphy)





The treatment of floodplains in the Report presents challenges because (1) much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, and (2) even when a floodplain is identified as a wetland, the literature seldom indicates if it was a jurisdictional wetland. Given this, the SAB agrees with the approach of theEPA authors of the Report, which was to takeon taking a broad view of floodplains that allowed a much, thus allowing a more representative cross section of the literature to be used. Moreover, the. The critical ecological and functional roles of floodplains and riparian areas must be acknowledged ininform the Report regardless of their regulatory status as wetlands as defined by (Cowardin et al. (1979). This approach is consistent with the rest of the Report, as wetlands. Wetlands discussed in the Report were not limited to those meeting the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987).. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” would clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). However); however, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of functional linkages, and not in an attempt to expand the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. and not policy goals. 	Comment by Murphy: (Murphy)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations.





· The terms “unidirectional” and “bidirectional” wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of “Riparian Area,” “Riparian Wetland,” “Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text.	Comment by Duncan: (Patten) and/or clarified relative to similarity or perhaps "combined"





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.5.3.	Spatial and Temporal Connectivity of Floodplain Environments to River	Comment by Murphy: (Murphy) Much of this discussion occurs earlier in the SAB report, in a slightly different, but with ultimately the same conclusion. We need to make sure that there is a stronger degree of consistency between the two discussions.	Comment by Johnson: (Johnson) Does there need to be a short section acknowledging the inverse of flood, i.e., drought, and its implications wrt connectivity?  Since human activities can exacerbate the effects of drought and there are regulatory implications to those activities I feel this should be addressed somewhere.  This seems like a reasonable place to do that.


Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimatelyfunctionally linked to river systems, both spatially and temporally, by means of the “flood pulse.” The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, writing:	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) and river to alluvial aquifer connectivity as the alluvial aquifer underlies the floodplain and is the water source for floodplain plants





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, Chapter 5 does not discuss this point. This is an important omission given that gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that a new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment, although recognizing that there exist gradients of floodplain development along the drainage network,). While the Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), its hydrologic character in either spatial or temporal dimensions remains undeveloped and separate from the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the flood pulse concept to include “flow pulses” (Tockner et al. 2000) but does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of the references to “flood pulse” in the Report relate to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).	Comment by Duncan: (Patten) plus four dimensional components of system (including groundwater...alluvial aquifer).   Water does not only go on the surface via flood pulse. 	Comment by Murphy: (Murphy) Mild departure in opinion here. The flood pulse concept, as I understand it, has progressed beyond the original article. One of the things that I am most familiar with is the work of Julie Stromburg at ASU and Waite Osterkamp at the USGS who individual show how fluvial structure is dynamic altering the response of the community to each geomorphic disturbance where that be tied to regular annual or bankflow flooding or catastrophic events. I would prefer we just stick to the need to more fundamentally use multi-, or four-, dimensional structure and magnitude, frequency and duration in the EPA report; however, we should clearly cite the flood pulse concept as reflective of the continuing understanding of disturbance ecology in fluvial systems and encourage EPA to use its ideas.





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed, including descriptions of the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.	Comment by Duncan: (Patten) this point gets lost in the following discussion which emphasizes flood pulse





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. Thus, a gradient of temporal connectivity is also critical to establish.	Comment by Josselyn: (Josselyn) While I agree with this statement that the report should discuss degrees of connectivity, it needs to be clearly related to downstream water quality and not just water quantity or changes in hydroperiods. I disagree that the Report should go into details on flood management. I recommend deleting this paragraph.	Comment by Johnson: (Johnson) Should this articulate the reason / mechanism, i.e., reduction in flood storage exacerbating the peak and timing of the hydrography?	Comment by Sullivan: (Sullivan)


 


Placing the wetlands of “riparian/floodplain” environments into the context of the “river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials, and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  This will reflect flowpaths described in the conceptual model shown described in Section 3.2 of this review. As such, Section 5.3 of the Report shouldneeds to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations in this regard. Flood-forecasting methods couldshould be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of nitrogen (N) and phosphorus (P). The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), to establish variability in the time scales of connectivity. Such analyses would focus much needed attention on magnitude-frequency relationships referred to in sections X,Y,Z. 	Comment by Duncan: (Patten) groundwater moves in and out, just as floods move back and forth. 	Comment by Fennessy: (Fennessy)


. 





The EPA should consider incorporating into the Report examples of floodplain classification systems (e.g., References needed here) that would address floodplain geomorphological and functional diversity and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and explaining the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the importance of hydrological floodplain connections and processes such as sediment movement, erosion and deposition that operate through downstream, lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats,  within the riparian zone, supporting a wide array of species taxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. within the floodplain. The SAB has provided some references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands that, which flood in the winter and early spring wet seasonduring high-water seasons, then dry down in the summer. as flow decreases. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001; 2005; Bestgen et al. 2007). The report would be further strengthened by discussing the importance in detail of these floodplain habitats for species that are economically important and/or listed as threatened or endangered by federal and state agencies.  their multi-dimensional connectivity. 	Comment by Murphy: (Murphy)	Comment by Sullivan: (Sullivan)	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)





The SAB also finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 	Comment by Johnson: (Johnson) Overarching recommendation	Comment by Duncan: (Patten) can we give more than one example





Recommendations	Comment by Josselyn: (Josselyn) I do concur with the recommendations, especially those that relate to a better understanding of how the scientific literature can be used to establish differences in connectivity on temporal and spatial scales and that the basis for the floodplain classification be discussed in the Report.





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal dimension of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 	Comment by Duncan: (Patten) this point seems to not be emphasized with the extensive discussion of flood pulse lateral connectivity above





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes such as sediment movement, erosion and deposition that operate through downstream as well as lateral, vertical and temporal dimensions.





· Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of speciestaxa (e.g., fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.	Comment by Sullivan: (Sullivan) 





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.5.4.	Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not clearly articulate the bidirectionalmulti-dimensional nature of fluxes/connections connectivity between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Murphy: (Murphy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with the recommendation.





· There should be a stronger focus in the Report on the bidirectional fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.	Comment by Sullivan: (Sullivan)





3.5.5.	Biogeochemical Linkages	Comment by Josselyn: (Josselyn) This section is well written and points out the over reliance on a single paper for much of the findings. I concur with the recommendations.





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex physical, chemical, and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, and fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on nitrogen processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of nitrogen in riparian areas. There is an extensive literature on this subject and while the Report correctly characterizes nitrogen transformations in a general sense, there are many key references that are not included. For example, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements indicating, for example, that nitrogen levels increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 	Comment by Johnson: (Johnson) Do microbes need to be mentioned here as well?	Comment by Johnson: (Johnson) Overarching recommendation





The Report should indicate that changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.5.8 of this SAB report).





· The Report sections on nitrogen processing (denitrification), phosphorus cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in nitrogen fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al. 2003; McClain et al. 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that nitrogen levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Johnson: (Johnson) Here is another link to drought.





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.5.8 of this SAB report). 	Comment by Tank: (Tank)  The bullet point emphasizing the importance of water residence time seems to be an afterthought; it is currently placed last, in a long list of bullet points. It may serve to move this point to the front of the bulleted list, as it influences many of the important processes that have been suggested here, and that have been highlighted for expansion in the text of the Report. 





3.5.6.	Case Study on Forested Wetlands





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation assuming that the approach used will be consistent with the other case studies.





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.	Comment by Tank: (Tank)  It is unclear from the bullet as written that this is a case study “box” that is being suggested, rather than a new “chapter-level” case study. 





3.5.7.	Human Impacts to Floodplains and Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. Barkesdale et al. (2013) provide information on the effect of watershed land conversion and associated runoff on the hydrology and carbon cycling of headwater wetlands in coastal Alabama. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 	Comment by Kalin: (Kalin)





Recommendations	Comment by Josselyn: (Josselyn) I concur with the recommendations. Such alterations can become part of the normal condition upon which regulatory agencies must make decisions on jurisdiction. Such alterations can sever connectivity in many ways and should be explained in more detail such that the proposed rulemaking can consider them, especially in urbanized situations.





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.5.8.	Recommended References	Comment by Tank: (Tank) Recommended References” is a separate section for the SAB Review of this Charge Question. In contrast, suggested references are treated differently in other sections. The SAB Review might want to consider standardizing the location of these additional references- I prefer these to be at the end of each topic area instead of all at once.





The SAB recommends that the EPA authors should consider addingreviewing the following selected references as support to the Report.	Comment by Murphy: (Murphy)





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker (2013); Anderson and Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls and Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).





[bookmark: _Toc382414075][bookmark: _Toc385943130]3.6.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings	 	Comment by Murphy: (Murphy) See my previous comments. Need to patrol consistency here.





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.6.1.	Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to downstream waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.	Comment by Siobhan  F: (Fennessy) This is a good suggestion for all of the Conclusions sections





Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplain areas that contain or are wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Benda: (Benda) This highlights an apparent inconsistency in the SAB review document. The SAB needs to clarify whether this statement represents our consensus because it appears to be inconsistent with the 3.3.8 (Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems) where it recommends that the EPA Draft Report include a discussion of the beneficial effects of stream side vegetation on streams and rivers (litterfall, shade, large wood); these effects can be unrelated to wetlands or frequently inundated floodplains (thus defined as wetlands), and can originate from non floodplain areas (terraces and toe-slopes of hillsides).
This issue also shows up on Pg. 43 (3.6.2, lines 8-12) where it states that “the terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains classified as wetlands….because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives”
If there is consensus to include the riparian effects (3.3.8), then the statements made under 3.6.1 and 3.6.2 should be omitted or revised. Perhaps EPA can advise on this.
	Comment by Siobhan  F: (Fennessy) We should be sure that the points made here match what is stated in 3.5.3 of this report.  For instance on page 36, lines 14-20 we say “some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory (33 CFR 328.3) or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality.”  The caution made in this paragraph is a good one; we want to be consistent, and mirror what is said in our section 3.2.2 about the broader definition of wetlands that is used in the Report (i.e., the 1-parameter versus the 3-parameter regulatory definition).  As stated above, we are taking “the large set of waters and wetlands” regardless of the current regulatory system. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should replace the current riparian focus and be included in Section 5.3 of the Report, but the distinction between floodplain areas that are not wetlands and floodplains that contain or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.6.2.	Additional Recommendations Concerning the Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 	Comment by Josselyn: (Jossleyn) See my comments on this section in the general comments on the draft report.	Comment by Johnson: (Johnson) Many of the items below are not “additional” they are repeated in the above sections





The SAB recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms “riparian areas,” “riparian and floodplain areas,” and “riparian/floodplain waters” are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms “riparian” and “floodplain” areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that “bidirectional” wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.	Comment by Siobhan  F: (Fennessy) I have the same comment here as above on page 42; we should be sure we are consistent on these points. There is also the complication that most wetlands studies do not specify whether or not the sites are wetlands by either the 1- or 3- parameter definition. 	Comment by Duncan: (Patten) don't we ask  or shouldn't we ask for some consistency among these terms or at least some clarity of their differences. 





Temporal Component	Comment by Benda: (Benda) See my comments on this section in the general comments on the report.


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) athe strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity (example reference needed) of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite sizeside, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, the EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of a new spatial and temporal subsection in Section 5.3, as recommended in the SAB response to Charge Question 4(a).	Comment by Johnson: (Johnson)	Comment by Tank: (Tank)  The discussion of temporal variation and the transient nature of some floodplains seems out of place here, and more relevant for the prior Charge Question section on the literature review. Alternatively, it could be highlighted in both Charge Question 4(a) and 4(b). I agree that this is a very important point, including introduction of term “channel migration zone”, but it was not emphasized this clearly in the previous section, and thus seems “new” here. 






Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Whenever possible, the degree of and/or strength of evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).	Comment by Ali: (Ali) A similar recommendation should be made for the “unidirectional wetlands” discussion in Section 5.4 of the EPA Report.





Quantification of Groundwater Linkages	Comment by Kolm: (Kolm) Additional text.





The role of groundwater movement and storage, including the effects of "flood pulses" and the differences between "slope wetlands and riverine wetlands" given HGM-type classifications, and the role of chemical/contaminant movement and storage related to groundwater systems in floodplains has been documented (characterized) and quantified (flow and transport modeling). Quantification floodplain systems has been conducted in both steady-state and transient analysis to simulate the temporal changes.  This may require additional literature review. 





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding (d) in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands. 	Comment by Tank: (Tank)  Only DOC, nitrate, and sediments are identified here as potential examples. Expansion to “nutrients (both N and P) and sediments” would improve the suggested changes. Additionally, changing the term “water purification” perhaps to “improved water quality” would be more consistent with language previously used in SAB Review document. 	Comment by Johnson: (Johnson) There is an opportunity here to link this recommendation specifically to EPA mandates to regulate and manage for chemical contaminants.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies	Comment by Duncan: (Patten) have we not suggested earlier that case studies be presented in a "side box" approach and if not, we should.	Comment by Murphy: (Murphy) I actually find the Case Studies much less than useful. They give the report an authority that it does not have. They actually are not real case studies, just examples of the kinds of aquatic ecosystems that EPA expects to encounter. However, there is no analytical couple between (1) the kinds of generalizations about connectivity made in the report, (2) the way in which the Case Studies demonstrate the major conclusions, or (3) how the conclusion might be used to better protect the ecosystems described in the Case Studies.  Thus the Case Studies have little purpose and should be either scrapped or better integrated into the report.


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in Section 1.4 of the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 	Comment by Johnson: (Johnson) Or water extraction activities that reduce water table	Comment by Tank: (Tank) Diking is the only example used here, but in addition, routine dredging/channelization, especially in agricultural landscapes, severely impair (or eliminate) floodplain function and should be noted as such. 






Aggregate/Cumulative Effects	Comment by Murphy: (Murphy) If the kind of gradational connectivity described in the Letter to the EPA Administrator was used in the EPA Report, cumulative effects would be easy to evaluate as a probability tree, with conditional effects calculated at each stream junction. This would allow regulators to focus on the locations of maximum harm in the watershed. The alternative and current practice would be to apply remedies equally throughout the watershed  . . .  a waste of time and money.





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields many ecological services, including flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should be used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the glossary definitions and the conceptual framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. The well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity may be particularly useful in developing this temporal perspective 





· The key conclusions in the Report should be more empirically and/or more specifically described. Wherever possible, the degree of and evidence for connectivity should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and downstream waters should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should explicitly discuss how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with downstream waters.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.6.3.	Alternative Wording for Findings and Conclusions





The SAB recommends the technical and editorial corrections provided in Appendix B to clarify the findings and conclusions in Section 1.4.2 of the Report.	Comment by Josselyn: (Josselyn) I concur with this recommendation.





[bookmark: _Toc382414076][bookmark: _Toc385943131]3.7.	Review of the Literature on Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) I was a member of the CQ 5 a&b group so my comments/changes here more editorial.





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands”. The SAB finds that the focus on hydrologic connections in Section 5.4 and elsewhere does not account for important biological exchanges, not transported stream flow, that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, shallow ground water, deep ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, given that regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Consideration of landscape position and scale will likely provide further justification for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 	Comment by Murphy: (Murphy)	Comment by Murphy: (Murphy)	Comment by Tank: (Tank) The term “human disturbance” should be changed to be consistent with previous sections of the SAB Review which discusses human alterations or human impacts- “disturbance” is a value-laden term.





 3.7.1.	Summary of the Literature on Non-floodplain (“Unidirectional”) Wetlands	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The SAB finds that the Report captures the most relevant peer-reviewed literature on “unidirectional wetlands” and “geographically isolated wetlands”. While the Report already includes several major review papers, the SAB recommends adding the 2013  a review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. (2013). The SAB also recommends that additional citations on biological connections (e.g., Naiman et al 1994), especially those that address material flows generated by avian fauna, be added to the Report. Findings from additional literature on theEvidence from the literature on biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates) are is overwhelming and is particularly important to include. These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.	Comment by Duncan: (Patten) I think this is stretching connectivity... this could connect almost any location. 	Comment by Johnson: (Johnson) Insert references provided by Rob Brooks here





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. (2013) be added to the Report.





· The EPA should consider including review additional publications on the subject of biological connections, some of which are referenced throughout this SAB report. Publications that analyze material flows generated by avian fauna will be especially important to review.	Comment by Murphy: (Murphy)	Comment by Duncan: (Patten) this worries me... 





· The literature review should analyze the scientific literature to specifically address the relative degree of connectivity for various non-floodplain wetlands and describe the relative strengths of those connections for those wetlands. Geographic differences, especially as it relates to precipitation, should be analyzed. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





· The SAB recommends that the EPA also consider review and, if needed, adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).	Comment by Murphy: (Murphy) 	Comment by Duncan: (Patten) do any of these references relate to connectivity of isolated wetlands through connections of deep aquifers that often support these wetlands and also influence down gradient rivers. 	Comment by Meyer: (Meyer) Why are we using the term “isolated wetlands” here?


3.7.2.	Clarification of Terms in Section 5.4 of the Report	Comment by Murphy: (Murphy) Needs to be reviewed with respect to other terminology revisions to uni- and bidirectional categories.





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies on the presence of only one-way hydrologic flows, when in fact, connectivity can have many physical, chemical, and biological dimensions far beyond  surface and shallow subsurface water flows. The SAB suggests that the draft Report’s uni- and bi-directional terminology be replaced by terms that better describe landscape position. In this case, “bidirectional wetlands” would be redefined as those within riparian/floodplain settingsfloodplains, and “unidirectional wetlands” as those not within riparian/floodplains a floodplain (i.e., non-riparian/non-floodplain settingswetlands). The influence of riparian/floodplain and non-riparian/non-floodplain wetlands on downstream connectivityconnectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, as described below.	Comment by Fennessy: (Fennessy)





Recommendation	Comment by Josselyn: (Josselyn) I concur with this recommendation.





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the term “non-riparian/non-floodplain wetlands.”	Comment by Fennessy: (Fennessy)














3.7.3.	Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework with multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpathsfunctions used to describe connectivity in the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. The framework recommended by the SAB is envisioned as a potential way to map the five functional flowpaths  functions across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functionsflowpaths provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 	Comment by Murphy: (Murphy) I’m not certain that the flowpath discussed in CQ 2 response are the same as these five terms. I see the five flow paths as transport processes, i.e., (1) surface water (channelized and overland flow), (2) shallow ground water (hyporheic water, soil water uptake, unsaturated flow and infiltration), (3) chemical transformation, (4) biotic life cycle (production, reproduction, migration, decomposition) and (5) ground water (recharge, stream discharge, springs). Movement along flow paths is affected by the source, sink, refuge, lag and transformation modifiers that define the magnitude of the flux within the transport category.  	Comment by Ali: (Ali) For consistency purposes, we should decide whether we want to refer to “functions” or “functional flowpaths” when referring to source, sink, refuge, lag, and transformation. The reference to “functions” is more consistent with the revised framework proposed in the SAB report. 





Similarly the SAB recommends that Figure 1, shown below, be used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s original nomenclature). 	Comment by Tank: (Tank) It is unclear from this text whether new terminology (non-floodplain) or old terminology (bidirectional vs unidirectional) is being suggested. It would be clearer to recommend the switch, and stick with that terminology throughout the SAB Review. 
	Comment by Johnson: (Johnson) IS THIS CONSISTENT WITH THE NEW TERMINOLOGY?











Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Sullivan: (Sullivan) It would be helpful if additional explanation related to the “probability that chanes in a wetland will be transmitted to downstream waters” were included in the figure caption.	Comment by Fausch: (Fausch) One modification that could improve this figure is to substitute “survival and persistence” for “survival” of a species in the bottom row of conditions. When habitats are lost or disconnected (or in some cases connected, for some amphibians and other organisms sensitive to fish predation), not only do they not survive for that generation, but the species is extirpated from that region.	Comment by Allan: (Allan) The diagram is terrific.	Comment by Tank: (Tank) I like this figure, but shouldn’t it be suggested that it be introduced earlier in the Report? Perhaps it would be better located in Chapter 1: Conceptual Framework, otherwise these important concepts are not seen until the last chapter of the Report. 





The multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:6]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms. 	Comment by Kolm: (Kolm) Not accurate for all case histories: Terminal salt lakes and playas may also have strong hydrologic connections like we see in Nevada and Death Valley, CA. Recommend deliting the sentence or modifying it to include both end members.

General comment: Each of the case histories presented could use a cross-sectional diagram illustrating the hydrology and connectivity of the features and region. It is difficult for most readers to visualize these descriptions of structure and function. [6:  Note that, in this context, frequency, magnitude, and duration, apply to all five functions, and not to just hydrologic connectivity.] 






Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify each connection to the degree possible based on the scientific literature and provide specific statements on where the literature is lacking or incomplete. 





3.7.4.	Temporal and Spatial Scales of Connections among Non-Floodplain Wetlands and 	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	Open Waters





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency, and duration of connections quantified whenever possible. In particular, the SAB recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration, and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than those of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude, short duration floods may infrequently connect non-riparian/non-floodplain wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants, an invasive species, or pathogen with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 	Comment by Meyer: (Meyer) This first sentence seems somewhat contradictory with the recommendation that EPA “assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.”	Comment by Sullivan: (Sullivan) It seems like a predictability framework could also vbe helpful in understanding the degree of connectivityoutlined here (e.g., waterfowl migration moves nutrients at high magnitudes at relatively predictable intervals).	Comment by Benda: (Benda) Although mentioned previously in these comments, the issue that all waters are connected over sufficiently long time scales is highlighted again using the scale “thousands of years”. How many thousands of years? 1, 10, 100, 1000?  If the SAB wants to encourage EPA to consider hydrologic-habitat connectivity at these extended time scales, perhaps it should provide some guidance on how to determine the strength of those connections, in the context of policy making which is the ultimate use of the EPA Connectivity Report. The issue of expanded time scales comes up in other areas of the SAB review including under “Recommendations” (Pg. 50, lines 6-7).
	Comment by Allan: (Allan) I feel this seemingly side-steps the issue of degree of connectivity and the gradient comcept.	Comment by Fennessy: (Fennessy)





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies. 	Comment by Duncan: (Patten) we have this recommendation earlier but does this weaken the connectivity argument as it can be interpreted as geological time (e.g., millennia). 	Comment by Allan: (Allan) Although this statement acknowledges variation in magnitude of connectivity, I think the SAB review should direct the EPA Report towards greater specificity, rather than towards very general statements that provide little guidance on the degree of connectivity. Might this be an opportunity to suggest that, while all systems are connected, the strength of connectivity is affected by many variables and is best decided on a case-by-case basis?





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are likely to be connected to downstream water (in various magnitudes) over sufficiently long time scales., yet the effects of these connections vary widely in magnitude across wetlands.	Comment by Murphy: (Murphy) Without the second clause this is an entirely different recommendation!





· The EPA should assess connectivity in terms of downstream effects, not just in terms of based upon the frequency, magnitude, or and duration of connections.	Comment by Murphy: (Murphy)





· The Report should emphasize that while that all aquatic habitats are connected to downstream water (in various magnitudes) over sufficiently long time scales, such connections may not be relevant if they do not have important effects on downstream water quality. As a result, the Report should access connectivity in terms of those downstream effects with an emphasis on frequency, magnitude, and duration of connections. 	Comment by Josselyn: (Josselyn) I suggest this to replace the two bullets above..








3.7.5.	Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report	Comment by Allan: (Allan)  I am not sure that the aggregate effect of wetland complexes is analogous to the aggregate effect of ephemeral headwater streams (this parallel is not states as such but the reference to wetland complexes seems parallel to earlier treatment of stream networks). Are wetlands always iin complexes? Should a lone wetland be protected?





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands because over a range of precipitation regimes the boundaries of any single wetland may vary through space and time.  (e.g., Drexler et al. 2013).. The regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Thus, regional context and spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 	Comment by Siobhan  F: (Fennessy) It seems that the hydroperiod of a wetland may vary, but boundaries are thought to be more fixed, particularly as defined by the occurrence of hydric soils, which will be observable across many years (and is the basis for wetland delineation).	Comment by Siobhan  F: Could the HLRs be used as an example? Or the USGS HUC systems





Recommendations





· The Report should be clearly explain why, and recommend that, wetland connectivity must be assessed in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should discuss the usefulness of regionalization methods to summarize information about wetland connectivity at nested scales. 





· The Report should analyze the scientific literature to determine if there is an appropriate scaling that should be used for determining how non-floodplain wetlands may be aggregated when considering their effects on downstream waters. A discussion on the how the scaling may vary geographically and based on factors affecting connectivity should be included. 	Comment by Josselyn: (Josselyn) Suggested additional recommendation.





3.7.6.	Discussion of Human Alteration of Landscapes in Section 5.4 of the Report	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





The Report tends to focus on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. Creating connections where none previously existed, or where they were of low frequency through time, can affect the biological integrity of downstream waters. For example, such connections can be a key problem for amphibians that must breed and rear in wetlands free of fish (i.e., vernal pools). There is a large literature on the importance and conservation of ephemeral habitats for amphibians and other species and functions (Calhoun and deMaynadier 2008; Semlitsch 1998, 2000, 2002; Semlitsch and Bodie 2003). Most of these references are from the eastern U.S. There is a suite of species, mostly toads, that rely on ephemeral aquatic habitats in the west and Great Plains region, but they are less well known. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.  In particular, human activities such as water diversion or water extraction may influence the water table, thereby reducing the potential for connections within and among wetlands and downstream waters.  In particular, extractive activities or those that alter hydrologic flow paths (diking, channelization, damming) may influence the magnitude of natural disturbances such as floods or droughts.	Comment by Fausch: (Fausch) Additional text.	Comment by Allan: (Allan) Human alterations heere focus on man-made wetlands rather than human alterations to waters – quite different from previous sections on human alterations.  See my comments on human alterations in the general comments on the rdraft report.	Comment by Tank: (Tank) Again, consistent terminology associated with human impacts should be used here and across all sections of the SAB Review- human “alteration” or “impact” is preferable to “disturbance” in my opinion. 	Comment by Johnson: (Johnson) 





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways and to describe to the degree possible how connectivity may have been reduced or eliminated by such human disturbances.


[bookmark: _Toc382414077][bookmark: _Toc385943132]3.8.	Review of the Findings and Conclusions Concerning Non-floodplain (“Unidirectional”) Waters and Wetlands		Comment by Murphy: (Murphy) Just want to repeat that recommending changes in the chapter implies that there will be changes in the conclusions and Executive Summary. I think these questions need to be answered in a single section to avoid ambiguities in the text.	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.





 Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In responding to EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially that: (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be described as a gradient that varies over space and time, and (3) that each connectivity flowpath contributes to the downstream effects of multiple connectivity flowpaths.





3.8.1.	Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 	Comment by Murphy: (Murphy) This conclusion of the EPA Report ONLY arises from EPA’s use of a dichotomous and categorical definition of connectivity. It has no scientific justification. If gradational connectivity is used then wetlands not connected to downstream WUSA would simply be those that have a vanishingly small degree of connectivity to such downstream WUSA.  The criteria for such a de minimus status could be set as conservative as EPA and stakeholders felt necessary for the protection of human and ecological health...	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that, “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous scientifically-established functions of non-floodplain wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion largely overlooks the effect of biological connections on downstream waters. The SAB finds that the scientific literature provides ample information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and articulate the specific gaps in our knowledge that must be resolved (e.g., degree of connectivity, analyses of temporal or spatial variability). 	Comment by Duncan: (Patten) it also overlooks deep aquifer connections that support isolated wetlands and that are connected to rivers or other larger water bodies.





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Duncan: (Patten) for example????  years, decades, centuries... etc. 





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered as well as their predictability. The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than biological connections, no matter how large the flux.  The SAB recommends that this emphasis must shift in order to account for strong connections alongthat affect any one of the four pathways of connection.five functions used to describe connectivity in the EPA Report. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.connections.  The SAB recommends that an integrated systematic approach be taken to conceptualize the structure and function of non-floodplain ("unidirectional") wetlands.  The systems approach is used by hydrogeologists, and by surface water and groundwater hydrologists, who have the quantitative tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands (ASTM, 1996; Kolm, et. al, 1996), and can be extended to include biological connections and HGM wetland classifications (Kolm et.al,. 1998). 	Comment by Allison Aldous: (Aldous) Needs to be clarified whether this prioritization was stated in the EPA report or implied.	Comment by Fausch: (Fausch) This is a key point and could be emphasized in the Executive Summary. Many of these biological fluzes have not yet been measured.	Comment by Murphy: (Murphy) Four or five? In any case, needs to be consistent with rest of SAB report.	Comment by Duncan: (Patten) this explanation does not necessarily support our disagreement with the statement that minimal hydro connections are more important than biological connections. 	Comment by Kolm: (Kolm) Additional text.








Recommendations	Comment by Tank: (Tank) It is notable that this is the only section of the SAB Review that explicitly offers alternative text or text replacement. I am very supportive of the suggested changes, but am wondering how it will be perceived, given that no other sections offered up such specific text edits. 





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity (i.e., to include biotic connections), and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the fourfive pathways by which non-floodplain wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, and biotic fluxes to downstream waters. 





· The SAB recommends that assessment of connectivity be revised from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude, and effect of those connections.





3.8.2.	Recommendations Concerning Findings for Waters and Wetlands with Potential	Comment by Josselyn: (Josselyn) See my comments on this section in the general comments on the draft report.


	For Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that, as has been done for prior conclusions, the authors remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.	Comment by Murphy: (Murphy) I’m not certain this has been done but there should be no more “justifying” in conclusions. That should be completed in the discussion. Conclusions need to be concise, declarative statements.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about non-floodplain wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.  





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a	Comment by Johnson: (Johnson) I think we can delete this, and include comments only on the key findings that require changes.





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant and/or highly mobile  species, play important roles in transferring energy and materials between wetlands and downstream waters.”	Comment by Fausch: (Fausch) It might be best to clarify for the reader what is meant by multiple types of waters.





The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those thatwhich are man-made or are found in urban environments. The functions and values of these man made wetlands may be severely compromised or absent and therefore may not similarly influence downstream waters as natural wetlands may have.	Comment by Siobhan  F: (Fennessy) We want to be careful about urban wetlands – even very degraded wetlands have functions, in some cases they function at lower levels than a non-urban wetlands (for instance, support of a diverse array of species) but in some cases they function at higher levels (e.g., flood control).  In addition, urban sites have the potential for education and the amenity of green space.  I agree with the point that they may not have similar influence downstran, but they do have function/value. 	Comment by Fausch: (Fausch)





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity can occur between [non-floodplain] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species or pathogens) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [non-floodplain] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and pathogens between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”	Comment by Duncan: (Patten) this statement ultimately connects most wetlands and rivers regardless of proximity or any close geographic locations. 





Key Finding d	Comment by Johnson: (Johnson) Delete





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findingsfinding f.


  


Suggested additional key finding on spatial proximity of non-floodplain wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”	Comment by Sullivan: (Sullivan) We may consider qualifying this additional key finding related to spatial proximity to point out that greater distances do not necessarily equate to less or no connectivity.





Suggested additional key finding on the cumulative or aggregate impacts of non-floodplain wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes (e.g., from climate change) to other wetlands within the same watershed.”	Comment by Johnson: (Johnson)





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





· The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Connectivity of Streams and Wetlands to Downstream Waters:


A Review and Synthesis of the Scientific Evidence 





Technical Charge to External Peer Reviewers








Understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals. The purpose of this Report, titled Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence is to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The focus of the Report is on small or temporary non-tidal streams, wetlands, and open-waters. Examples of relevant connections include transport of physical materials such as water or wood, chemical compounds such as nutrients or pesticides, movement of biological organisms such as fish or insects, and processes or interactions that alter material transport, such as nutrient spiraling. Materials reviewed in this Report are limited to peer reviewed scientific literature. Findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act. As a scientific review, the Report does not consider or make judgments regarding legal standards for Clean Water Act jurisdiction. 





The Report is presented in six chapters. Key findings and major conclusions are summarized in Chapters 1 (Executive Summary) and 6 (Conclusions and Discussion). Chapter 2 (Introduction) describes the purpose and scope of the document and the literature review approach. Chapter 3 presents a conceptual framework that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed climatic factors that influence connectivity at various temporal and spatial scales. Chapter 4 surveys the literature on stream networks with respect to physical, chemical, and biological connections between upstream and downstream habitats. Chapter 5 reviews the literature on connectivity and effects of non-tidal wetlands and certain open waters on downstream waters. All terms are used in accordance with standard scientific meanings, and definitions which are in the Report glossary. 






TECHNICAL CHARGE QUESTIONS








Overall Clarity and Technical Accuracy of the Draft Report





1.    Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2.    Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 
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Recommended Wording for Section 1.4.2





· Use “waters and wetlands in riparian/floodplain settings” throughout


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





·  Use “waters and wetlands in riparian/floodplain settings” throughout.


· Page 5-37 top paragraph lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings.” The second bullet appears to be bit over generalized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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From: Ghurye, Ganesh L
To: Armitage, Thomas
Subject: Live Webcast today
Date: Monday, April 28, 2014 12:03:15 PM


Hi Thomas,
I am trying to connect to the Audio webcast; unfortunately, I cannot do so.


Is there a call-in number/passcode for this telecon?
Thanks,
Ganesh L. Ghurye
Water Advisor
Environmental & Regulatory Group
Central SSH&E
Exxon Mobil Corporation
13501 Katy Freeway, Room L1-428, Houston, TX 77079
Phone: (281) 870 7716
ganesh.l.ghurye@exxonmobil.com
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From: Armitage, Thomas
To: Goodman, Iris
Date: Tuesday, May 20, 2014 4:17:00 PM


 
 
                           Bloschl G, Sivapalan M (1995) Scale issues in hydrological modeling - a review.
 Hydrological Processes 9:251-290.
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From: Rains, Mark
To: "Amanda D. Rodewald"
Cc: Armitage, Thomas; Goodman, Iris
Subject: Mark Murphy
Date: Tuesday, April 29, 2014 10:11:51 AM


Can you guys put me in touch with Mark Murphy? I'd like to talk to him about how we can most efficiently
 incorporate his material into our revised section. Thanks!
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From: Lowenthal, John M.
To: Armitage, Thomas
Subject: May 2 teleconference
Date: Wednesday, April 30, 2014 11:23:03 AM
Attachments: image001.png


Can I please get dial in information for the May 2 teleconference.
 
Thank you,
 
John
 


John Lowenthal, PWS, PWD
ASSOCIATE
CARDNO TEC


Phone (+1) 757-594-1465   Fax (+1) 757-594-1469 Mobile (+1) 757-652-8710   
Address 11817 Canon Boulevard Suite 300 SunTrust Bank Building, Newport News, VA 23606 USA
Email john.lowenthal@cardnotec.com   Web www.cardno.com - www.cardnotec.com
 
This email and its attachments may contain confidential and/or privileged information for the sole use of the intended recipient(s). All electronically
 supplied data must be checked against an applicable hardcopy version which shall be the only document which Cardno warrants accuracy. If you are
 not the intended recipient, any use, distribution or copying of the information contained in this email and its attachments is strictly prohibited. If you have
 received this email in error, please email the sender by replying to this message and immediately delete and destroy any copies of this email and any
 attachments. The views or opinions expressed are the author's own and may not reflect the views or opinions of Cardno.
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From: Thomas Repp
To: Armitage, Thomas
Subject: Meeting Minutes - Panel for the Review of the EPA Water Body Connectivity Report
Date: Monday, May 19, 2014 4:49:44 PM


Dr. Armitage –
 
When the minutes are available on the two recent public meetings Panel for the Review of the EPA
 Water Body Connectivity Report, can you send me the links?
 
Thanks
 
Tom R. Repp, P.E. | Stormwater Management Engineer
Douglas County Department of Public Works Engineering
Engineering Services
Address | 100 Third St., Castle Rock, CO 80104
Main | 303-660-7490
Email | trepp@douglas.co.us
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